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JANUARY 1859. 



I. On the Camera Obscura. By Prof. Pbtzval of Vienna^. 

ON the 23rd of July, 1857, Prof. Petzval presented his new 
object-glass to the Academy of Vienna, and at the same 
time made a communication on the general properties of the 
camera obscura, which, from its elementary character, is well 
adapted to supply photographers with much accurate and valu- 
able information. A somewhat complete abstract of this com- 
munication, therefore, cannot fail to interest a large number of 
readers. 

A camera obscura may be defined as an instrument for obtain- 
ing, at a finite distance, an image of any number of objects ; and 
in accordance with this definition, numerous properties at once 
suggest themselves as desirable. It will be well, in the first 
place, to enumerate the properties which may be reasonably 
demanded, in order subsequently to examine how far such de- 
mands can be satisfied. 

We may reasonably demand that the image shall be well de- 
fined or snarp, that it shall also be well illuminated so as to 
exhibit proper light and shade; further, that it shall be true to 
nature, and also that it shall lie in a plane. If possible, too, 
the camera should simultaneously furnish images of both near 
and distant objects, should possess a large field of view, and give 
at pleasure either large or small pictures. Lastly, the instru- 
ment must have a convenient form, and cost as little as possible. 
. Most of these desiderata exist in an arrangement wherein 
the optidan^s art is quite dispensable. If a screen be placed 

* For the report, of which an abstract is here given, see Sitzungsberichte 
der mathem, naturw, Ckuse der kaiserlichen AcadenUe der Wissenschqften, 
ToL xxvi. p. 33. 

Phil. Mag. S. 4. Vol. 17. No. 111. Jan. 1859. B 
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2 Prof. Fetzval on the Camera Obscura. 

beliind a small hole in the shutter of a carefully darkened room^ 
an inverted Image of extertial objects is at duoe obtained which 
possesses^ in great perfection, many of the desired properties. We 
have here absolute feithfulness to nature } pictures at once of 
near and of distant objects, a field of vision as near to 180*^ as 
we please, and either a plane or a curved image. The expense 
of such an apparatus is small enough, and its convenience indis- 
putable : in short, the picture obtained fails only in sharpness 
and illumination, but it must be admitted that these defects are 
80 serious as to render the arrangement next to worthless for most 
purposes. Nevertheless, for many reasons, the arrangement in 
question deserves closer examination : it furnishes an excellent 
example of what nature presents, and of what art must supply ; 
we learn from it also how often natural endowments are sacrificed 
when, by artificial means, we seek to enhance the nobler proper- 
ties of sharpness and illumination ; and lastly, we may here study 
the nature and influence of the imperfections inseparable from 
this the natural camera, 

Iiet us assume that the external object is so distant^ that every 
point of the same sends to the hole in the shutter a cone of rays 
so acute as not to difier essentially from a cylinder. If hght 
were propagated in straight lines, it is manifest that the rays of 
every such cylinder would reach the screen in full possession of 
their own peculiar colour and intensity of light, and that they 
would impart both these -qualities to a small portion of that 
screen, nearly circular in form, and of the same size as the bole. 
The several coloured spots thus formed would group themselved 
so as to constitute an inverted picture of the object, and the 
sharpness of this picture would be capable of being augmented 
indefinitely by diminishing the size of the hole. 

Light, however, instead of being propagated in straight lineSi 
is turned aside or diffracted on passing through an aperture, and 
thus gives rise to far different phsenomena. The external object 
being a luminous point, a star for instance, its image is not 
only always greater than the hole, but on diminishing the size 
of the latter we find that, as soon as a certain limit has been 
reached, the image, instead of diminishiug accordingly, actually 
becomes larger and less luminous. On closer examination this 
image is found to consist of a round luminous spot surrounded 
by concentric rings, alternately light and dark. The central 
spot is always found to possess the greatest intensity of light, 
thQ surrounding light rings being in general so faint as only tq 
be perceptible by artificial means. 

Since in everything which concerns the telescope, the micro- 
8Cop8> or the camera, it is of the utmost importance to study the 
nature and magnitude of the defects caused in the picture by th6 
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difiirftction of lights it will be useful to enter into further detAUsi 
We may suppose the defect in sharpness to be measured by the 
diameter of the above circular spot^ conceived to extend up to 
the commencement of the first dark ring. To obtain this dia* 
meter^ let a right Ime be drawn from the centre of the hole to^ 
the screen so as to be perpendicular to the plane of the shutter. 
Upon this line> from the centre of the hole^ set off a portion 
equal to the diameter of the latter. From the extremity of the 
line thus set off conceive another line to be drawn at right angles 
whose length X is equal to that of a wave of light, i. e. -—^ in. or 
^55^ in., according as the light is red or violet. If, lastly, a 
line be drawn through the centre of the hole audthe extremity of 
the last perpendicular, it will, on being produced to the screen, 
determine a point in the circumference of the circle, whose centre 
is in the line first drawn, and whose diameter, B, is required. If 
p be the radius of the hole, and A its distance from the screen, 
we have already v, 

2p:A=X:J,orD=::^ (1) ^ 

This foi^mulA is Only an approximate one, applicable when p is 
venr small ; in the case of a larger aperture, its diameter must be 
added to the value abov6 given, that is to say, 

^ P 

From the last formula we can at once deduce the best value 

for p ; in other words, the size of the aperture which corresponds 

to the least possible value of D, and therefore to the sharpest 

possible image. In fact, diffierentiating the last expression, and 

setting, in the ordinary manner, — =0, we find at once 

P^\^^, m 

which corresponds to ^ 

For instance, if A =11 in., then for red and violet light we have 
respectively 

p«0010itt., p=:0-007im, 

D=s0042in., D*tO»080in.; 

whence we learn that, on the whole, it would be useless to dimi- 
nish the diameter of the aperture beyond ^^^th of an inch, and 
that, under the most advantageous curcumstances, the image of 
a luminous point is a circular spot ^i^^ ^^ ^^ ^^^ ^ diameter. 
The picture we should obtain under these circumstances would 

B2 
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clearly bear no magnifying whatever, but, on the contrary, would 
require to be inspected at a distance of 12 feet at least ; for it is 
at this distance that a line ^^^th of an inch in length subtends 
an angle of 1 minute^ and it is only when objects are seen at 
this visual angle that they appear to be mere points. To obtain 
a more correct estimate, however, of the sharpness and illumi* 
nation of the picture in the natural camera, let us compare it 
with that of a camera with a tolerably good object-glass of 3-inch 
aperture and 11-inch focal length. In the middle of the field 
the picture furnished by such a camera — there are of course far 
better instruments — ^will bear magnifying at least ten times, or, 
if we may use the expression, will bear inspection at a distance 
of j^ths of an inch, and consequently, in point of sharpness, is 
144j-r-f=180 times superior to the picture in the natural 
camera. With respect to illumination, it will be observed that 
the two cameras have the same focal length, 11 inches, and con- 
sequently famish equal-sized images of all external objects; 
their apertures, however, have the ratio 1 : 180; that of the 
first being ^^^yth of an inch, whilst that of the second is 3 inches. 
Now the focal length being constant, the illumination of a pic- 
ture increases in proportion to the square of the aperture, so 
that with respect to this property, the camera with, is 32,400 
times superior to that without glass. It is necessary to observe, 
however, that a picture so well illuminated as the one here used 
as a term of comparison, qould in practice be scarcely obtained. 
Two things are worthy of notice in the foregoing. In the first 
place we see how, by artificial means, that is to say, by means of 
well-arranged and properly curved lenses, it is possible to in- 
crease the quahties of sharpness and illumination in an instru- 
ment, — ^the first in the ratio of 1 : 180, and the second, indeed, 
in the ratio of 1 : 32,400. In the second place, we have become 
acquainted with a kind of aberration which puts a limit to the 
extreme use of diaphragms before camera lenses. To illustrate 
this still more, let us suppose that, in order to improve the pro- 

Eerties of the picture, we were to try the experiment of reducing, 
y an interposed diaphragm, the aperture of the lens from 3 
inches to ^ an inch. It is evident from the formula (1), where 
^=80^000 "i-r A = 11 in., and p=J in., that we should thereby 
cause the image of a luminous point to become a round spot 
nearlv tvutt^^ ^^^^ ^^^ in diameter. Now in fine engravings, &c. 
we often meet with lines whose breadth is even less than ^J^th 
of an inch; so that if our blinded lens were employed to copy 
such engravings, these fine lines would appear still finer in the 
picture, in consequence of the overlapping of the aberration 
eircles of the adjacent luminous points. This defect would also 
be increased by the aberrations due to other causes, such as the 
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curvature of the image^ &c., so that ultimately the fine black 
lines of the original would in the copy be either undistinguish- 
able^ or at most mere pale shadows ; at all events the picture^ if 
it bore examination with the naked eye^ would suffer no mag- 
nifying. 

In order to advance step by step, let us now return to the 
natural camera, and seek to improve it by introducing into the 
hole in the shutter a small, simple, and therefore unachromatic 
lens of crown glass, which, for the sake of comparison^ we will 
suppose to have a focal length of 11 inches. ' Let us examine 
what good properties are lost and gained by this certainly cheap 
alteration. 

As long as the aperture of the lens is small in comparison 
with its focal length, we may safely assume that, apart from dif- 
fraction, the equally refrangible rays in any incident cylinder are 
made to converge to a point, — in other words, that on placing the 
screen properly, the image of a point in homogeneous li^t is 
itself a point. This condition of placing the screen exactly in 
the focus of the lens at once constitutes an inconvenience, inse- 
parable from the new camera, which did not exist in the natural 
one. There are, however, graver complications to notice. Glass 
does not refract all rays of the spectrum alike; each differently 
coloured ray has a different focus, and the screen cannot of course 
accommodate all. To examine the consequences here involved, 
let n be the index of refraction for red rays, and p the distance 
of the corresponding focus from the centre of the lens, whose 
anterior and posterior surfaces we will suppose to have the radii 
r and r' respectively ; then by a well-known formula, 

1=(„_1)(1_1). (8) 

and n+dn being the index of refraction for violet rays, whilst 
p-{-dpis the corresponding focal distance, we have on differen- 
tiating (3), 

-^=(1-!,)*.= *- 

p^ \r rj (»— l)p 
whence 

^ 1— n 



-TL =0-036, 
n— 1 



For crown glass, 

consequently 

rfjp= -0036./?, or (§>=- 0-396 in. • . (4) 

sinceb y hypothesis ji ss 11 in.; that is to say, for the most 
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refrangible violet rays the focal length is less than that oorre* 
sponding to red rays by f in. nearly. If the latter combine in 
a point R, the former will converge to a point V nearer thelens^ 
and the foci of all the other rays of the spectrum will lie between 
R and V. The rays which, on account of their number or colour, 




exercise the strongest action on the retina, will be congregated 
about a determinate point O. Strictly speaking, the optical focus 
here referred to is not a fixed point, since all eyes are not affected 
m the same manner by differently-coloured rays, nevertheless it 
is in the neighbourhood of that most observers obtain the best 
image. In another fixed point C, nearer to V than to R, will be 
collected the rays which exert the greatest chemical action ; and 
at this chemical focusy which may also vary a little with the 
material exposed to the action of light, the best photographic 
image will be obtained. Lastly, about midway between V and 
B, &ere is a third point F at which the screen intersects the cone 
of rays in its narrowest part, the diameter of the circular section 
being 

where, as before, p is the semi-aperture of the lens, p its focal 
length for red rays, and dp the so-called linear chromatic aber<> 
ration*. 

To this diameter of the circle of chromatic aberration must be 
added that of the circle of aberration due to diffraction, with 
which we are already acquainted, so that the total aberration 
will amount to 

If we seek, as before, the value of p which conresponds to a mi- 

* The above formula expresses an important theorem in the theoiy of 
the camera as well as in that of the telescope^ inasmuch as it shows that 
the di&md;er of the smallest circle of chromatic aberration is dependent 
lolely upqp the aperture of the Ieiis> apd AOt upon ita focal length. 
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nhximn otJ), we i^adily find 

p« 4/151, and 0=00724/151, 
'^ V 0036 V 0036* 

conseqaently for red and violet light we have^ respeetiTelyj 

p = 008 in., p = 0-06 in., 

D=0006 in., D=0004 in. 

Thus the aperture which here corresponds to the sharpest image 
is about ^th of an inch, or a little more than seven times the 
best aperture in the natural camera. Consequently the illumi* 
nation of the image is increased in the ratio of 1 : 50 nearly, 
though it still remains inferior to the ordinary camera in the 
ratio of 1 : 648. At the same time, however, the sharpness of 
the image has been considerably improved. In the natural 
camera the image of a point had a mean diameter of 0*04 of an 
inch; it is now diminished to 0*005. The sharpness of the 
image therefore is now eight times greater than before, and in 
this respect is only inferior to the ordinary camera in the ratio 
of 1 : 22i. 

These not very important improvements in sharpness and illu- 
mination have been dearly enough purchased; for although the 
general faithfulness to nature has not been essentially impaired, 
the difficulty of obtaining sharp images has been increased, on 
aeeount of the chemical and optical foci being now separated by 
about a quarter of an inch. It is > true that the difficulty here 
alluded to might easily be overcome if the linear chromatic aber- 
ration, dp of formula (4), and with it the distance between the 
foci, were always the same; (or then it would suffice to place the 
plate destined to receive the picture a quarter of an inch in ad- 
vance of the ground-glass plate. But it must not be forgotten 
that the formulae (3) and (4) are true only when the incident 
rays are parallel, in other words, when the objects are at a great 
distance. An object at a finite distance a from the lens gives an 
image, not at the focal distance p, but at a distance u from the 
lens, a, p, and a being connected by the well-known formula 

l=i-^ (5) 

a p a ^ ' 

If we differentiate this expression according to the index of re- 
fraction, implicitly contained in p, we have 

^=^ (6) 

•where db represents the real linear chromatic aberraticm, which 
diiera fixaa the <^ of formula (4) the moce, the greater the dif- 
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ference between ot and p, or the nearer the object. To take an 
extreme case, by way of example, let a=2p, that is to say, let 
the distance of the object be reduced to double the focal length, 
then by (5) a=2p, and by (6) i£x=4e^j so that the linear 
chromatic aberration is now quadrupled, and, as a consequence, 
the distance between the separated foci is increased to an inch. 
This varying distance between the chemical foci constituting, as 
it does, so serious a defect inseparable from all cameras with un- 
achromatic lenses, the best possible achromatism is even more 
indispensable for this instrument than it is for the telescope 
itself. 

The formula (5) also informs us of another disadvantage of 
the new camera as compared with the natural one. In the latter, 
the fact of the objects being at different distances was of no im- 
portance ; in the former, however, the images of near objects 
are more distant from the lens than are those of more remote 
objects ; and since the plane of the screen cannot accommodate 
all, it follows that if some images are sharp, others cannot be so. 
This inconvenience compels the photographer to have recourse 
to many expedients (such as grouping of the objects, &c.), of 
which some will be considered in the sequel. 
' Again, the sharpest parts of the picture of a distant plane 
object no longer fall in a plane, but on a spherical surface whose 
radius is ^p=sl6^ in., and whose concavity is turned towards 
the lens. In consequence of this unavoidable circumstance, and 
the many difficulties attendant upon photographing on curved 
Surfaces, sharpness must be sacrificed the more the field of view 
is increased. 

Above all other things, however, the restoration of achroma- 
tism is the most important ; for the chromatic aberration dis- 
appearing thereby, aperture and consequently iUumination may 
be increased, whust at the same time the aberration arising from 
diffraction will be proportionally diminished. As is well known, 
this achromatism is obtained by a combination of crown- and 
flint-glass lenses ; and the method which has long been employed 
in telescopes not only leads to achromatism, but also diminishes 
a new defect known as spherical aberration. The latter mani- 
fests itself the more the greater the aperture, and is caused by the 
spherical form given to the surfaces of the lenses, — a form which, 
although most easily constructed, is not the one best adapted 
for causing all the rays of a pencil to converge to the same point. 
In ordinary telescopes the construction of the object-lens is 
rarely based upon strict calculations as to the best curvatures 
for obtaining the desired effects, thela-tter being determined ge- 
nerally by trials. The crown-glass lens is biconvex, the flint- 
glass one plano-concave; and the two are placed togeUier so as 
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to fonn a plano-convex system. When employed, the convex 
side is turned towards the object^ the plane one towards the 
image, and the instrument fulfils its purposes more or less per* 
fectly according as the curvatures of the constituent lenses have 
been more or less happily chosen*. 

In Daguerre's time these telescopic object-glasses, transferred 
to the camera, were in general use. In all probability, too, they 
were at first placed in the same manner, with the convex side 
towards the object ; but experiment must soon have shown that 
this disposition was not applicable. For, destined by their con- 
struction to give very sharp but very small images, spherical 
aberration is destroyed only near the axis of such lenses, — ^in con- 
sequence of which, when the field of view is larger, a great de- 
terioration in sharpness is observed on passing from the centre 
towards the edges of the picture. This deterioration is increased, 
too, by the fact that the image, instead of being plane, as required 
by the camera, lies on a curved surface which approaches in form 
to that of a paraboloid of rotation, whose radius of curvature at 
the vertex is equal to | of the focal length p. 

In the absence of calculations founded on theory, by means 
of which the sharpness at the edges of the image might be in- 
creased, opticians have sought to improve the telescopic lens, so 
as to adapt it to the camera, by diminishing its superfluous 
sharpness at the centre, or rather by rendering the contrast 
between the centre and the edges less striking. To obtain a 
notion of how this may be accomplished, let the object-lens of a 
good telescope be unscrewed and turned so as to present its plane 
side to the object. By so doing, the good telescope will be con- 
verted into a very poor instrument ; and in order to obtain even 
a tolerable image, extreme blinding of the lens must be resorted 
to. The reason of this is to be sought in the serious spherical 
aberration that has been called into existence ; the rays belonging 
to one and the same cylinder no longer converge towards a single 
point, but by their successive intersections give rise to a lumi- 
nous curve or caustic, whose path intersects all the planes drawn 
perpendicular to the axis in the vicinity of the focus, by which 
latter term is now meant the point to which rays parallel to, and 
very near the axis, converge. The advantage of a diaphragm 
before the lens is, that it can be placed so as to admit only those 
rays of a cylinder whose intersections correspond to that part of 
the caustic which is situated in the plane of the picture. In 
order to convert a telescopic lens into a tolerably good camera 
lens, the cylinder of rays which corresponds to an image near 
the edge of the field must be treated in the manner described, 
and the position of the diaphragm determined accordingly. With 
a lens 8 inches in aperture and a focal length of 16 inches, such 
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as was in general use in the early period of daguerreotvping^ the 
diaphragm is best placed at a distance of 3 inches before the 
lens^ its aperture being I inch. The image thus obtained^ 
although tolerably good^ will not be of uniform sharpness ; in 
the centre it will perhaps bear magnifying three times, whilst at 
the edges it will barely admit of ezammation with the naked eye. 
In point of sharpness, therefore, this picture is at least three 
times inferior to the one of the camera already used as a term of 
comparison. With respect to illumination, the superiority of the 
ordinary modern camera is still greater; for since the degrees of 
illumination «re directly proportional to the squares of the aper- 
tures, and inversely proportional to thei squares of the focal 
lengths, the ratio in question ia 

P X 1 1« : 3« X 16«= 121 : 2304 or 1 : 19 nearly. 

It must be noted, however, that the modem camera has four 
more reflecting surfaces than the old one, by which means 
almost one-fifth of the light is lost, and the above ratio dimi- 
nished to about 1 : 16. 

The substitution of an achromatic in place of an unachromatic 
obJQct-glass is, beyond comparison, the mo^t important step in 
the improvement of the camera ; for not only have the proper- 
ties of sharpness and illumination been thereby increased — the 
former in the ratio of 1 : 7, and the latter even in the ratio of 
1 : 40, — but the serious defect of separated optical and chemical 
foci has b^en remedied. Besides this, the image has become 
nearly plane — a result which, it is true, might also have been ob- 
tained in the case, of an unachromatic lens by means of the same 
method of blinding. Lastly, the field has become almost uni- 
formly lighted; the not very broad zone of diminishing inten- 
sity of light which still exists is due to the blinding. As dia- 
phragms often produce this defect, it wiU be well to examine 
their action more closely. 

Around the centre of the lens, and with a radius of 1 inch, 
oonceive a circle to be described : its circumference will be at the 
distance of half an inch from that of the lens. The diaphragm, 
at the distance of 3 inches, having an aperture of 1 inch, all 
cylinders of rays passing through the same will be entirely re- 
ceived by the lens, provided their axes are within or upon the 
circumference of the above circle, and the corresponding images 
will possess the maximum intensity of light. The rays of every 
cylinder whose axis meets the lens in the circumference of the 
circle are inclined to the axis of the instrument at an angle whose 
tangent equals ^, and whose magnitude is therefore 18°; conse- 
quently everywhere within a field of 36° the image possesses full 
intensily of Ught.^ Again, only half the rays of those cyUndeci 
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whose axes exactly graze the edge of the lens will be admitted by 
the latter, the entrance of the rest being prevented by the setting. 
These rays are inclined at an angle of 26^ to the axis of the in- 
strument^ so that between 36^ and 52^ the intensity of Ught 
in the field will diminish from its maximum value to one-half of 
the same. Ijastly, the lens will admit none of the rays of the 
cylinders whose axes meet its plane at a distance of half an inch 
from its edge ; consequently^ between 52^ and 66^ the intensity 
of light diminishes from half its normal value down to sero. 
Thus when uniform light is required^ the field must not exceed 
86^ j in other words^ the focal length being 16 inches, the dia- 
meter of the circular picture cannot exceed 10 inches. 

Such are the properties of the instrument with which Daguerre 
worked when he made his beautiAil discovery. At that time 
silver plates, coated with iodine, were alone employed j and the 
time of exposure required was so great — ^half an hour — ^that 
portrait-taking was next to impossible. Hence arose the demand 
for a camera lens producing greater illumination, and equal or, 
if possible, greater sharpness. Sooner or later practical opti- 
cians would, no doubt, have sought to improve the camera of 
Daguerre by substituting a convex-concave, in place of the plano- 
convex achromatic lens; for the former, treated in the manner 
above described, possesses several advantages. Science, how- 
ever, stepped in with more efficient means,, and Prof. Petaval, 
after a thorough theoretical investigation of the subject, set 
about constructing his first object-glass, destined principally for 
portrait-taking. 

In so doing he was guided by the following considerations : — 
The objectJens of a telescope has only three conditions to fulfil : 
first, to possess a given focal length ; second, to be achromatic ; 
and third, to reduce the spherical aberration to a minimum. The 
first is a matter of small importance, for within certain limits 
the focal length may vary; the achromatism depends on the 
£ocal lengths of the constituent lenses, and the spherical aberra- 
tion on the curvatures of their surfaces. The three conditions, 
therefore, can be fulfilled by suitably disposing of three optical 
elements, t. e. the curvatures of three surfaces. 

In the camera, however, the number of these conditions is 
raised from three to eight, five of which have reference to a much 
more c<Hnplete destruction of spherical aberration, two to the 
production of achromatism, and the eighth to the position of the 
focus. Instead of three, therefore, eight optical elements are 
requisite, the choice of which will be determined by the follow*- 
ing considerations. Greater illumination, one of the desired 
improvements, can only be obtained in two ways — ^by enlarging 
the q^erture and by diminishing the focal length, both wUdi, 
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however, will result from employing two convei^iDg jaisos 
instead of one. These lenses must of eourae he aehromattc ; and 
by theory, in order that a good image may be produced, they 
must be separated from each otb^ by a distance not less than 
one-third of the focal length of the lens next the object. In 
order to form the eight requisite elements, therefore, seven lens 
smrfaces and one distance may be selected. By this selection 
the first lens need but present three surfaces to be disposed of, 
so that its constituents may have a common surface ; the second 
lens, however, in order to furnish the remaining four surfaces, 
must have its constituents separated, even though by so doing 
light is lost. 

In accordance with these data. Prof. Petzval calculated, and 
Voigtlander constructed, « new object-lens which had an aper- 
ture of 1^ inch, and a focal length of 5| inches. With it por- 
traits were taken in forty seconds ; in point of illumination it 
was sixteen times superior to the camera of Daguerre, and its 
images were sharp enough to bear magnifying twenty times* 
The principal defects of the new camera were a curved image 
and limited field of view, both of which resulted from the em- 
ployment of separated lenses. 

With respect to the first defect, the image of a plane object 
was, according to theory, situated in the hollow of a paraboloid 
of rotation, having at its vertex a radius of curvature equal to 7 
or 8 inchep. In object-glasses afterwards constructed, where 
the aperture was increased to 3 inches, this curvature was soft- 
ened to 15 inches. By sacrificing a little sharpness at the edges, 
too, circumstances generally furnished means of softening this 
curvature still more. For portraits, indeed, a camera capable of 
giving a plane image of a plane object would be no acquisition, 
inasmuch as the persons whose portraits are to be taken by no 
means constitute such plane objects. With a single individual, 
or with a group of such, the skilful photographer may always 
arrange the position of his subjects so that the image will fall 
nearly in a plane. 

The second action of the separated lenses deserves closer ex- 
amination. It will be at once seen that here the setting of the 
first lens plays the part of the former diaphragm, and modifies 
the admission of light to the second lens. As an example, let 
us take an object-glass whose two lenses are 54 inches apart, the 
aperture of each being 3 inches. Let the focal length of the first 
lens be 16 inches, and that of the second 24 inches. Then by 
means of the first lens, a cyUnder of rays parallel to the axis be- 
comes converted into a cone, whose vertex is 16 inches behind 
this lens ; and the plane of the second lens intercepts this cone 
in a circle whose diameter is diminished to 2 inches ; the same 
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is -true approximately for every other cylinder incUned to the 
axis of the inslrament. Around the centre of the second lens^ 
tiierefore^ let ua conceive a circle of ^ inch radius described ; 
its circumference will be at a distance of 1 inch from that of the 
kns^ and it is dear that the second lens will admit all the rays 
of every cylinder whose inclination to the axis of the instrument 
is such, that the axial ray of that cylinder^ after passing unre« 
fracted through the first lens, meets the second in the circum- 
ference of the above circle. The image ]}roduced by such a cy- 
Imder, therefore, will possess the same maximum of illumination 
as do the central images. But the entrance of the rays of other 
cylinders more inclined to the axis of the instrument will be 
more or less impeded ; and by following the method already ex- 
plained in the case of Daguerre's camera, it will be found that 
throughout a field of lOf there will be maximum light ; that 
between this and a field of 82^ the intensity of light wiU dimi- 
nish to half its normal value; and lastly, that the whole extent 
of the field, beyond which is darkness^ amounts to about 50^. 
These angles correspond on the picture to circles whose diame- 
ters are 2, 6, and 10 inches respectively. 

When portraits only are to be taken, that is to say, when a 
eoirect picture of only a small portion of the object is desired, 
this unequal distribution of light is of no great importance. In 
the case of landscapes, however, it forms a serious defect, and 
necessitates the use of diaphragms, not only to distribute the 
hght more uniformly, but also to diminish the influence of the 
miequal distances of objects, and to soften the curvature of the 
image. Th6 best place for the diaphragm is exactly midway 
between the two lenses, and by diminishing the intensity of light 
to ^th, ^th or to T^thof its full value, the field of equal illumination 
may be increased to 31°, whilst the two zones, wherein the light 
. first diminishes to half its normal value and then to zero, may be 
made much narrower. On finding that the picture thus obtained 
was superior to that of a camera with a simple achromatic lens^ 
the instrument, which was constructed for portraits, was em- 
ployed also for landscapes ; and larger pictures being desired^ 
the original object-glass of 1| inch aperture was reproduced 
on a larger scale, the aperture being increased to 3, 4 and even 
5 inches in order to obtain pictures of 14 inches diameter. 
Practical opticians undertook this increase in size on their own 
responsibility; and the necessity of applying certain corrections 
to the curvatures was not attended to ; the consequence of which 
was, that the later productions of the camera were in every re- 
spect incomplete, and deteriorated by spherical aberration, double 
foci, and other imperfections. These efibrts to increase the size 
of the original instrument being in other respects unpromising^ 
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the demand arose for a new object-glass^ which^ without stip- 
planting the old one^ but rather restricting the same to the use 
for which it was intended^ should be suited to the reproduction 
of landscapes^ maps^ engravings^ &;c. 

The modifications applied to the old instrument .to fit it for 
its new purposes, had for their object, principally, to increase the 
magnitude of the field and the uniformity. of its illumination, and 
consisted in a diminution of the distance between the two lenses, 
and of the aperture of the second. The object-glass, constructed 
carefully with a view of fulfilling all the new conditions, and 
submitted to the Academy of Vienna, consists, as before, of two 
lenses ; the first has an aperture of 3 inches and the second of 
of 2 inches, the clear distance between the two being 1 inch. 
The magnitude of the picture is the same as that corresponding 
to a single achromatic lens of 26 inches focal length, its diameter 
being 20 inches ; in other words, the field amounts to 42° and 
is uniformly lighted. This fast result is due to the diminished 
aperture of the second lens, and has been purchased, of course, 
at the expense of intensity of light. The curvature of the image 
of a plane object is small, its radius at the vertex being about 
80 inches. 

With respect to the achromatism of the two lenses, it is well 
known that the ratio between the indices of refraction for crown- 
and fiint-glassis not constant, but varies with the colour of the 
ray, and that on this account the rays of all colours cannot be 
made to coincide, simultaneously, by any arrangement of the two 
kinds of glass ; in other words, according to the technical ex- 
pression, a certain chromatic aberration of the secondary spectrum 
always remains. In the telescope most attention is paid to the 
coincidence of the rays at the red end of the spectrum, and, 
without injury to the picture, a considerable aberration of the 
rays at the violet end may exist. These rays, however, exert the 
greatest chemical action, whence it happens that the object-lens 
of a telescope gives a less sharp photographic, than it does an 
optical image. On the other hand, if the opposite end of the 
spectrum were most attended to, the photographic picture would 
be improved at the expense of the optical one, and in both cases 
the chemical and optical foci would be separated. In con- 
structing the new object-glass, the whole spectrum, rather than 
either end of the same, was regarded, and the most active che- 
mical made to coincide, approximately, with the most active 
optical rays, so that, for a healthy eye, the chemical and optical 
foci coincide. 

From the above exposition it follows that, whilst the new 
camera is inferior to the old in point of illumination, it far sur« 
passes the latter in magnitude of the fields and in uniformity of 



Digitized 



by Google 



Prof. FetzTal on the Camera Obscwra. 16 

efaarpnesB as well as of illumination. Whilst the new camera, 
tiierefore^ is best adapted for landscapes^ the old one may still be 
used whenever a brief period of exposure is desirable^ as in 
taking pictures of living animals*. 

To suit the properties of the new object-glass^ a new camera^ 
greatly exceeding the ordinary ones in bulk^ became necessary. 
M. Petzval submitted a design to the Academy, remarking at the 
same time that it was no doubt susceptible of improvement. 
Without entering into a detailed description of all the arrange- 
ments in this camera, it will suffice to note the principal objects 
aimed at. These were a diminution of the whole mass as much 
as possible^ a division of the same into several convenient parts^ 
avoidance of false light, an arrangement for inclining the plane 
of the image to the axis of the instrument, in order to accom* 
modate the different distances of the objects, and lastly, an im> 
proved method of uncovering the iodized plate without shaking 
the instrument. 

Whilst admitting that his attempt to attain these objects is 
susceptible of being improved upon, Prof. Petzval does not 
hesitate to pronounce his object-glass to be the best attainable 
with the given optical elements. In order to test its merits, he 
selects the most delicate of all photographic problems, that of 
obtaining, on a reduced scale, the copy of a map or engraving. 
He enters into interesting details as to the best method to 
be employed, the principal feature of which consists in first 
bending the plane of the map to be copied into a developable 
surface, so as to make it approach as much as possible to coin- 
cidence with the parabolic surface, which according to theory, 
corresponds to a plane image. As an example, he takes a map 24 
inches by 16 inches, and places his instrument at a distance oi 
13 feet, in order to obtain - a copy ^th the size of the original. 
Every expedient being adopted, he. calculates then that all lines 
in the original whose breadth exceeds li^trth of an inch will be 
transferred to the copy. 

After some remarks on obtaining enlarged copies of picturesi 
and a few instructions for testing the merits of an object-glass, 
Prof. Petzval concludes his valuable report by stating that he 
has confided the construction of his new object-glasses to M. C* 
Dietzler. 

* The new camera has also the advantage of having a more invariable 
period of exposure, that of the old one depending greatly on the magni- 
tude of the field. Approximately^ however, these periods have the ratio of 
3 ; !• 
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II. Notes w Min^alojfif,r^tio, YJI^>/fl»}*Wi^^ .^wfci'^w^- 
raUfr<m Central Jniia^,imlu4inaitm .ftirt^Wfte 

ant^ Hunterite. jBj^ the Rev. Samu^^ ^JU(!99fFf?i^i(.#r^Cr> 
FM,S,, Fellow of Trinity Qolhge^ qnd Professor of Geology in 
the University of DuSHhK'^ ^^ ' ^' 

Mineralogical description of a series ^f Rocks^ collected near Noff^ 
pur^ Central Indifi, by the Rev. Messrs. Jlislop anli BLunter. 

THE following 4e99ription of some ,fp)^ip(^e^;^f crocks of 
CeDtral India^ brought home,}>y M|^8^9.,t)[islqpr.ftpd Hun«* 
ter, and given to me by Mr. Rupert Jones, of the Geological 
Society of London, may prove of some interest, particularly with 
reference to the metamorpfhicactioil' of 'Water at a high tempera- 
,ture, to which the attention of English geol9gistB has been re- 
cently called by the valuable paper lately reacjlW mK'j 8^^ 
before the Geological Society of London. ' " *' '" ' ^ 

No. 1. B^adiated concretionary nodule of brown carbonate of 
lime and iron ; contains no magnesia. Locality : Girad. 

No. 2. Dark green calcarep-micaceo-homblendic rock ; weta- 
morphic.. Locality: Jambul Ghat, South of Nagpur, '| 

No. 3. Coarsely cifystalliiie saccharoid dolomite,, with Jiong wjiite 
crystals of Tremolite, very like somC' 8|>6cimenB .fironi thciVal 
Tremola, fit. Gothardt. Locality : Korhadi. 

Upon a chemical examination of the calcareous portion of this 
rock, I &imd it comjjkosed of — 

Carbbnatie of lime , . * « 144 parts 
Carbonate of magnesia . : • * -89 „ " 

giving an atomic proportion of— 

CaO,C02 .... 2-88 4 

MgO,C02 • • • • 2\l^ 3 

This rock is therefor^ a pure dolomite, and resembles in its che- 
mical composition many of the metamorphic magnesian lime- 
stones. 

No. 4. Hislopite. — Green calc-spar. Locality : Takli. 

This is a very remarkable mineral ; it presents the crystalline 
form of calc-spar; its colour is a brilliant grass*green; and it 
effervesces briskly with weak hydrochloric acid, which dissolves 
its calcareous portion, leaving a beautiful green siliceous skeleton, 
similar to those to .which M. Alphonse Gages has recently di- 
rected the attention of geologists. 

* Ocmimunicated by the Author^ having been read before the Royal 
IHiblin Society in November 1858, in whose Museum most of the rocks and 
minerals are deposited. 
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I'made a earefal analysis of the whole rock and of its green 
ftkeletoti^ with the following results. — N.B. The quantity ope- 
rated on was 89-31 grs. 

■. « > . 

Green Calc'Spar. 

Actual weight. Per cent. 

Green siliceous skeleton • • 6*54 16*63 

Alumina ...... 0*29 0*73 

Carbonate of lime . . . . 81-76 80*79 

Carbonate of magnesia . • trace 

88*59 98*15 

Spec. grav. =2*645. 

Upon fluxing the siliceous skeleton with carbonate of soda and 
potash^ I found — 

Green Siliceous Skeleton^ 

Actual weight. Per-centage. 

Silica 3*57 54*59 

Alumina 0*31 4*74 

Peroxide of iron 1*66 Protoxide . 22*84 

Carbonate of lime • « • • 0*11 Lime • • 0*94 
Pyrophosphate of magnesia . 0*90 Magnesia . 4*90 

Water&los s 11*99 

100*00 
The mineral just described appears to me to be the Glauconife 
of the American mineralogists^ described by Dana^ Rogers^ and 
others. I find its atomic proportions as follows :— 





Number of atoms. 


Oxygen ratio 


Silica • • . 


. . 1213 


1213 


Alumina . . . 


. . 9in 






Protoxide of iron 
Lime • • « 


• . 634 
. . 33 


^ 


395 


Magnesia • . 


. . 245j 






Water . . . 


. . 1332 







From the oxygen ratio here given/ 1 deduce the following 
mineralogical formula for this remarkable mineral : — 

|Jg8}8Si08+3H0. . . . . • (I.) 

Or, Hydrated tersilicate of protoxide of iron. 

The following analysis by Rogers, of Glauconite from the 
green grains of the greensand formation of New Jersey, will 
serve to show the probable identity of Glauconite with the green 
aiUceoua skeleton of the green calc-spar of Nagpur : — 

Phil. Mag. S. 4. Vol. 17. No, 1 11. Jan. 1859. C 
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Per-centage. 


Atoms. 


Oxygen ratio. 


SiKca .... 


. 53-26 


1183 


1183 


Alumina . . . 


. 8-85 


• 74-, 




Protoxide of iron . 


. 2415 


671 




Magnesia . . . 


. 110 


55 


391 


Lime .... 


. 1-73 


61 


Potash .... 


. ■ 5-36 


114 




Soda .... 


. 1-60 • 


• -siJ 




Water .... 


. • 10-12 


1124 





10117 

No formula has been proposed by Dana for Glauconite ; but 
it is evident that the preceding analysis gives very exactly the 
formula (I.) found from Mr. Hislop's mineral. 1 propose to 
give the name of Hislopite to the remarkable combination of 
Galc-spar and Glauconite found by him at N&gpur : the two mi- 
nerals mutually penetrate each other^ the cale-spar giving a form 
to the whole, and constitute together a beautiful example of 
the mineralogical law to which' attention has beeti directed by 
M. Gages. 

No. 5. Doleritic lava, with amygdaloidal geodes and cavities, 
invariably lined with obsidian in a thin glazed pellicle, and 
occasionally filled up with tabular crystals of calc-spar. Lo- 
cality : Sitavalli Hill. 

Var. a* Dolerite^ partly amygdaloidal ; cavities lined with green 
earth, and sometimes filled with calc-spar in flat crystab. 
Same locality. 

No. .6. Calc-spar, curiously striated ; the lines of growth not 
being perpendicular to the optic axis^ but formed by planes 
parallel to one of the edges of the obtuse trihedral angle of 
the rhombohedron, and intercepting equal portions on the 
other two edges of that angle. Locality : Takli. 

No. 7. Specimen of quartz roek from the Weiragad Diamond 
Mines. Deposited by the action of water. 

No. 8. Graphic or letter-granite, composed of cream-coloured 
felspar and watery quartz. Locality : City of Nagpur. 

ilo. 9. Coarsely crystalline granite, composed of — 
1. Quartz of watery lustre. 
^. Hunterite. White felspathic mineral of fatty lustre, 

softer than felspar, but gritty under the agate pestle. 
3. Pink felspar, in large tabular crystals (1 in. by \ in.), 

with brilliant reflexion. 

The white felspathic mineral contained in this granite ap- 
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peared.to me so pe6uliar^ tbat I analysed it carefully with the' 
followijag resulta. — N.B. Quantity operated on =27*66 grs. 

Fatty Felipathic Mineral. 

Actual weight. Per-centage. 

Silica 18-17 grs. 65-98 

Alumina 5-78 „ 20-97 

Lime (carbonate) . . . 0*15 „ Lime . 0-30 
Magnesia (pyrophosphate). 0-35 „ Magnesia. 0-45 

Loss by ignition . . . . 3-20 „ 11-61 

Spec. grav. = 2-319. 99^ 

The atomic proportions given by the preceding analysis are — 

SiO^ 1465 . , 

A1«0^ • 403 

RO 32 

HO 1290 

The silica here far exceeds in amount that found in any Kaolin, 
-znd in fact the relation of silica to alumina is much greater than 
is requisite to form orthoelase. In its present state^ the waxy, 
felspathic mineral of this granite, if it resulted from the decom- 
position of orthoelase, must have done so under circumstances 
that rendered the restoration of the silica removed as silicate of 
potash, an operation that proceeded pari passu with the decom- 
position of the felspar. The mineral presents no appearance of 
disintegration, its edges of separation from the pink felspar arQ 
well defined ; and although its fatty lustre makes the mineralo- 
gist suspect the pi^esence of water, yet it has aU the appearance 
of a mineral formed in the bosom of the molten granite at the 
time of its eruption (or deposition?). If so formed, it should 
not be considered as a decomposed mineral at all, but as an 
independent hydrated silicate of alumina, formed under great 
pressure and at ^ high temperature, water being present. In 
the granites of Leinster, the margarodite mica, which is present 
in large quantities, contains 5 or 6 per cent, of water ; and yet it 
has never been, nor could it properly be, looked upon as ihe 
result of any metamorphic action on the rock. 
' I beheve the hydrated aluminous silicate of Nfigpur to have 
been formed in the granite originally, or at least that, if it be 
the result of subsequent metamorphic action, the latter must 
have taken place at a high heat, and, as water was present, under 
a great pressure. If the destruction of orthoelase was necessary 
to its formation, as fast as the silicate of potash was removed by 
the heated water (probably red-hot), the silica must have been 
replaced, perhaps at the expense of the quartz of the granite, 
which is very abundant ; or, which comes to the same, the me- 
tamorphosing agent was highly heated water under pressure, 

C2 
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holding silica in solution^ as we ki^py^ it to be capable o^^^oipfl^ 
to a very great extent. ' ' * ' ' ' ^' ! j ' "' '** " 

In whatever point of view ,we re^rd ^his.imii^raj. it .must be 
considered one of great interest^ in consequence o^ it$^ being a 
hydrated aluminous silicate^ without pr;otoxidc baises^ khd con- 
taining a proportion of silica to alumina the same as that found 
in orthoclase. I am of opinion thatdt is a new minec^l i^oie^ 
and I would propose to call it Hunterite, in honduv of ohe of the 
gentlemen who brought it to England* if we nieglfect'4he lime 
and magnesia^ it may be regarded aSs htfVln^ tbe fiiUo^ing mi- 
neralogical formula, — - • ' ,i 

5[Al«08,SSiO«+3HO]+tHO;3SiO^; . . (II.) 
being/ in fiict, composed of fite atoms df a hydfiitcd tefsiUAte^f 
alumina* combined with one atom of k hydlin^ sQka of atilpiiilted 
composition. It appeafrs to the to be a'oo«ifk*matiott=t)fjf thisTaew 
of the mineral, that. in tbe gneias that aocompamios the ^aui;^ 
of Nagpur, and is often un^Ustinguishable from it, this fftty. fel- 
spar often passes into yellow and pifnkish opalescent minerals, 
with which it evidently has the closest relation. 

If we take account of all the elements present, and 'ad6Jjt 
Scheerer^s view of the replacement of magnesia by three atoms 
of water, we find the following, whiieh is exact:— 

403[A1203, 3Si03+HO]+256[|gQ}siO^] +215II05 

Or> approximately, . ' ' 

4[2(A1203,3SiO«)+3HO]+5[3gQl^Si03J. . (III.) 

Whatever view be adopted as to the rational formula of this 
mineral, it is certain that part of its silica is in chemical com- 
bination with water ; and if it be regarded as a metanu^^ie 
orthoclase, it is to be considered as one from which only>/^ds 
of the silica has been removed, and that tbe pota^h^ has been 
chemically replaced' by water. 

No. 10. Gneiss formed from the preceding granite, composed of — 

1. Watery quartz. 

2, Pinlc> white, and yellow qwdine felspar, with ja ^waxy 

lustre. ' 

Locality : Nagpur City* 
No. 11. Fine-grained granite, composed of — 

1. Quartz. 

2. White felspar. 

8. White mica in lossenges. 
4. Smalt crystals of garnet (abundant). 
Locality: Korh^di. 
V * In fact, an aluminous GUmccmite, 
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VtoL'W^s'mille'mktMo^^^ of an Elastic Fluid, itl 
No. 1?. GFneiM, composed of— ' 

i)/ii * .1 Jmi t^ >?^ Wy,! r N^^^tl^ ?^ Segaum. 
Jffoi 3j8.ifGft«fl«oi^(gypisiti!$, '^jomposed of*- 

jhiii >.tSi B^ic^hotlasd.faUpar (predomiaaut). 
-iiK i^iii^oiMa^^gr/^n^^piea (abuudant). 

4. Epidote (traces). 
, n . . . Ifjc^jtyci J>f uHa, North of Sfgaum. 

Wa;fl4r>Sili4)eombi:eQPi9» formed of angubtr pijakish-white opabe 
b jt|aapier (i i^i)f etmmt^i by silicate f^i, iron, forming a delicate 
// «gic»b jasperij. I^oeality; Tertiary beds of Tebnkhedi, 

l!T(y.' IS. 'Cryshdline calcareous limestone^ containing strings and 
' ^ '^itcbleij of i^d'hsetndtitef; possibly of dome value as an iron 
'oife. 'Locjaitii^: Korhddi- 

Jj[9,,l$*,CryptaUii^e calcareous limestone, with traces of grossu- 
, . ;^^it^ ;. pobpibly metamorphic. Locality : Korhadi, 

No. 17. Brown h»matit(e^ io. stratified. aaodular concretions; like 
^ the oolitic ojre of;Leioe$tershire. Locality : Iron-band of Sil- 
' i^Wiial }^ I ' ' ■ ' ' * 

No. 18. Black tourmaline crystals^ in quartz. Locality : N^ 

fpur City. 

JfjQ.,19. Amygdaloidal basalt^ decomposing; contains rounded 
' cavities felled with green earth. Locality: Sifawaldi Hill. 

HL QueHionsr ih Hydrodynamics t'-^fj.) On the Central Motion 
' 6f'an}Wbtstiemuid. '■ (II.) On the Themy of Tartini's Beais. 

By the Rev. J. Challis, M.A., F,R»8,, Plumian Pro/eBsor of 
\d9trowmy and Escperimenial Philosophy in the Umversity qf 

Cambridge^. 

1." TT iappears to be established by modern experimental re- 
-I- searches, that the diflferent physical forces are mutually 
related by some common condition, or bond of connexion ; but 
what the precise nature of the connexion is, perhaps experiment 
alone is incapable of determining. This generalisation will be- 
come matter of exact knowledge only when it is brought within 
the domain of mathematics. The great desider(iitum oi the ex- 
isting state of natural philosophy is a mathematical theory of 
physical forces. After the explanations that have been given of 

^ Communicated by the Author. 
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a great variety of phsenomena of Kgbt, which is one of tho$« 
forces, by the hypothesis of a highly elastic mediun) pervatSng 
space, it is not a Uttle surprising that an explanation of the cor- 
relation of the several forces should not have been sought for in 
the existence of this medium, which would scejn to be a vast 
reservoir of force sufficient to account for all observed dynamical 
effects. So long since as 1 840, in the Philosophical Magazine 
for December of that year, I called attention, with implied refer- 
ence to such a general theory, to the importance of giving an 
answer to the following question : — If a minute spherical atom 
were subject to the mechanical action of the vibrations of a very 
elastic medium, like those which take plaice in air, would it, in 
addition to a vibratory motion, receive also a permanent motion 
of translation f But I know of no attempt at the solution of 
problems of this kind excepting one which I made in a paper 
communicated to the Cambridge Philosophical Societyj, and 
pubUshed in vol. vii. part 8 of their Transactions. By taking - 
into account the square of the velocity and condensation, I have 
there arrived at the conclusion, that the small sphere would be 
permanently moved in the direction of the propagation of the 
vibrations. Although, if I attempted the same problem now, I 
should treat it in a different manner, the result, I have reason 
to say, would be substantially the same as to the effect of the 
terms of the velocity and condensation that are of the second 
order. I should ^Iso be prepared to indicate the circumstances 
under which the motion of translation might take place in the 
direction contrary to that of propagation. In a theory of phy- 
sical forces the latter of these effects would correspond to attrac- 
tion, and the former to repulsion. 

It must, however, be admitted that the great obstacle to this 
kind of research i& the very imperfect state of the mathematical 
theory of the motion of fluids. The principles according to 
which partial differential equations are to be applied, and their 
solutions interpreted, are far from being well understood. Having 
given attention to this department of applied mathematics a great 
many years, I am fully sensible of the difficulties which beset it, 
and am able to point only to a few results of my researches which 
appear to be satisfactorily established. Those which may be 
considered of chief importance rest upon the following prin- 
ciples : — (1) The motion of a fluid, so far as it is not arbitrarily 
impressed, but results from the mutual action of the parts of the 
fluid, obeys the law of continuity. (2) Those circumstances of 
the motion that are not arbitrary cannot be inferred from the 
arbitrariness of the functions which integration introduces. The 
"first of these principles is made the foundation of a new hydro- 
dynamical equation, which may be called the equation of the 
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oontioailj of the lootion. By using, in accordance with the 
BecQp4 ot the s^^ove principles, this general equation with the 
twp othi^^ that have been long known, I have obtained, prior to 
any auf>posed case of disturbance, the following general results: — 
(1) The small vibrations of an elastic medium, of which the 
pressure {p) and density (p) are related by the equation ^=:a% 
in their simplest form are parallel and perpendicular to a recti- 
linear axis of propagation. (2) Any number of such small 
vibrations may coexist. (3) The form of the function which 
expresses the velocity {v) and condensation {a) along the axis of 
a simple vibration is that of the sine of a circular arc, and the 
values of v and $ are given by the equations 

27r _ 
v=s ±ica5=:m sin rr- (a?+Aca/+c). 

A 

(4) To satisfy the conditions of any arbitrary small disturbance^ 
the motion must be supposed to be composed of simple vibra* 
tions, their number, the directions of their axes, and the values 
of w, X, and c being arbitrary. 

These results may be at once applied in the undulatory 
theory of light to account for the kind of vibration which is 
alone found to accord with phsenomena, for the composite cha- 
racter of light, and for polarization. Unless these prominent 
and general facts receive an a priori explanation, we can hardly 
be said to possess a theory of light. The success with which 
such explanation is given by the undulatory theory of light 
based on hydrodynamical principles, may be considered as some 
evidence that the investigation has taken a right course, and 
affords a presumption that the same kind of treatment may be 
applied to the other physical forces. 

There is, however, a case of the motion of an elastic fluid the 
mathematics of which must be settled before any such applica- 
tion is possible, viz. that in which the condensation is a function 
of the distance from a centre, and the motion is in straight lines 
passing through the centre. This may be called central motion, 
as forces tending to or from a centre are called central forces. I 
long since pointed out a difficulty which presents itself in the 
usual treatment of this case of motion. The known partial dif- 
ferential equation of the second order between the condensation 
^(d), the distance (r) from the centre, and the time (/), is satisfied 
by the solution, 



asr=:' 



r 



from which it necessarily follows, on the principle of the discon- 
tinuity of the function yi that a single wave of condensation of 
given breadth. may be propagated uniformly from the centra, 
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and at the same time it^ condensatipn vary ^Yer;feb^/, 419 \^ 
distance ; whereas it is certain that in this case tjfe qo^pi^ns^ti^f^ 
must vary inversely as the square ojf the. distancf^ ift px;^ ,t^1; 
the quantity of the fluid may remain, Qonsta^i^ , TJ^cj fp^^p^ ijVt 
ference is, however, strictly drawn according to the. jprinQJpl^a 
usually adopted in the application of analysis to .the.mpti9ft,q£ 
fluids, the very same process being employied in. determining the 
velocity of propagation of vibrations. I do not th^rfore j^e 
how, on those principles, the difficulty I have indicated c^ be 
overcome. What would be at once said according to. the yipws 
that I take is, that all such reasoning is essentially fBUnUyj 
because circumstances of the motion which are not arbitrary, ^q 
thus made to depend on the arbitrariness of the functions. My 
reason for adverting to this subject again is/that I have .recently 
found, contrary to what I had supposed tol)e the case, that the 
law of the variation of condensation according to the simple in- 
verse of the distance, is in strict accordance with the views that 
I advocate, and consistent with the principle of the constancy 
of mass. These results have been arrived at in the following 
manner. 

At the end of a communication to the Number of the PhilcM 
sophical Magazine for February 1853, 1 have given a solution 
of the problem of the central motion of an elastic fluid, whjch, 
Although not as general as it might be made, conforms exactly 
to the principles antecedently laid down. The solution proceeds 
on the hypotnesis that the central motion results from the com- 
position of an unlimited number of the simple vibratory motions, 
which, as already stated, are deducible from the hydrodynamical 
equations prior to any case of arbitrary disturbance, the axes of 
the motions passing equally in all directions through the centre. 
The central motion and law of condensation are thus obtained 
independently of any case of disturbance, and must consequently 
be such only as result from the mutual action of the parts of the 
fluid. The expressions for the velocity and condensation which 
this process gives are the following ; — 

t;= — .-< cos — (r— /ctf/ + c) + C08— (r+^a? + c) >- 

= — • 4 cos — (r— /cfl/+c) — cos-r- {j'+icat'\-c) ?-• 
If we consider apart the terms relating to propagation from the 
centre, it will appear from the term — ^ — g.- «ii"r- (r— #ctf/+e)> 



KttS 



Digitized 



by Google 



fliyt tteit^HW^iiaftSit^yacf^ of fluid' from the rarefied parts of 
^^intim^WiVe doM^tikfefl'.pirts/'cauang the condensation and 
ik^imVA ^SSi¥emrrt^\^e \lowly With the distance than accord- 
vtik T» W Wy'^of tliy'i(6Vbi^s^isqudi-e; " On calculating the amount 
ttP^ffld' tla^ thus Sows; it Will readily be found to be just the 
^^fty'>e^iiiredl;Q changfe the law of decrement from the in- 
i^tbfst'iqti^e tdthe'si^iple" inrerse of the distance. Thus the 
aJJBciilW I'^lforfe BJtatfcid i^ explained on the hydrodynandical prin- 
(^1^ WHiteTi^r'Hiv6'^i*ot)08ed 

^' ''THef'rajfii cbttitntitiitation contains the indication of another 
riielfecAi i# solving the sapie problem, by means of which the fol- 
KHpfi^'ttdif^ ^ertS. Insults mi^ht be obtained :— 

-oii.) M>i\i ^irwj (M T! '-: L "• X^ 'J 

-151 :U\n\'o r.i: . I J._:.. rr^X . 2^ , _ ' ,1 ' ' 

-MS^'J^fl2U'=Nv|± 7wcos^(r?/cfl/ + c)y 

W(d(arcuihstancies of eijn^ given spaeiU disturbance may be satisfied 
liy t'hese eauations, ' 

, lliere is a|so another point relating to the central motion of 
Sn Elastic fluid whic^i requires elucidation. In. the Number of 
ty Philosophical Magazme for Noven^ber 1853> I have shown 
fiiat the integral of an equation which is admitted to be true, 

viz". •— -' ,*^- ^,- ^ • • 

Vh^ applied t<y motioii propagjlted 'utrifortnly from a centre, 
l)rbv«d that thfe ^jondensation varies inversely as the squa7*e of the 
diWtanc^." 'Tn feliaiieid tiplori' this reasoning, I have assumed the 
Ifew of the inverse square in the solution of several hydrodyna- 
mical problems. But I now perceive that the assumption was 
not allowable, because the above equation was ol^tained by geo- 
metrical considerationj^f applied to tne motion and density of the 
fl\ud^ prior to any consideration of its pressure, . The law of de- 
cifemeniiif po^den^ion yfhifih it gives tdeptods therefore solely 
oft constancy of mass and continuity of the motion^ and admits 
of beinj^ modified by the action of forces. Thujs this result is 
compa^ble with the law whieh^ as we have seen^ is obtained 
)jrf\en tl\e dynamical equatiou is. tal^en into a9C0unt.. ^^ . 

' II. 1 pass now to the theory of Tartmi^s beats', in order to meet 
an, ol^tion yfhi^k might, b^ raided ;4glli^9t. ,tbp ]f<wrtb of the 
general hydrodynamical results before mentioned. It might be 
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urged that if the small vibrationaof the aether tare always comppsite^ 
and this property explains the composition of lights there (Ought 
to be some indication of the same property in aerial vibilatiQifts^* 
the sether having been assumed to be constituted Uke air, I 
belieye^ for reasons which follow^ that such indication is givezi. 
by certain audible sounds^ which have been named Tartini^s beatii, 
from their having been first discovered, or specially noticed, by 
that musician. These beats are to be distinguished from the beats 
of imperfect consonances, which are heard when the ratio of the^ 
periods of vibration in two series of waves is a little different 
from the ratio that produces harmony, whereas Tartini^s beats 
are best heard when the concord is most perfeofe. This diffem 
ence was well understood by Smith (^ Harmonics,' Prop, XI. 
Schol. 3), who for distinction calls the latter "flutterings,'* but 
appears to have noticed them only in sounding together notes 
the ratio of whose times of vibration was expressed by numbers 
too high for musical harmony. When the ratio is that of two 
low numbers, as 3 and 5, the " flutterings *' of Smith become 
''the grave harmonic '^ of Tartini. Recently, Professor De 
Morgan, in the Cambridge Philosophical Transactions (vol. x. 
part 1. p. 136), has proposed to explain the grave harmonic by 
a certain relation of the phases of the component vibrations, thus 
making it dependent as to degree and quality on the manner in 
which the aerial pulses are started. But Tartini and other 
musicians tell us that if only the condition of perfect consonance 
is fulfilled, the grave harmonic is always equally heard. There 
is, therefore, still something to account for. The explanatiou 
offered by the theory of aerial vibrations which I have advanced, 
is as follows. The state of the fluid as to velocity and conden- 
sation along a straight line of propagation in the positive direc- 
tion, is expressed generally by the equations, 

V=«aS=32.^ msin — (mt-^w-i-e) /-, 

the symbol % embracing as many terms as we please, having 
different values of m, X, and c. In general, to satisfy an arbi- 
trary disturbance, the values of X and c must not be limited as 
to consecutiveness. But if the disturbance be such as to pro- 
dace a perfect consonance between two notes, the component 
vibrations will group themselves into two sets having values of X 
corresponding to the notes. In each set the values of m will be 
very small and those of e may be nearly consecutive, if, as the 
analogy of light-vibrations would lead us to expect, the number 
of the simple vibrations be very great. The resultant of each 
set, as is known, consists of vibrations having the same value of 
X as the components 5 and the most marked effect on the ear ttGun 
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the oom]Miaiti0ii of tfa€ two retultants is a harmony^ more or less 
agoeeable^ accovding to the Bimplicity oi the ratio of the values 
oi-Xi This effeet^ it appears, is iHdspendeot of the resulting 
phases^ But the component ?ibratioQs of each note may also 
ba grouped according to the values of c ; and assuming these 
values to be quam proafimeconBeeutive, the number of the groups 
may be va*y numerous ; and two may be selected, one from each 
set, such that the maxima or minima of their condensations shall 
be very nearly coincident at equidistant points along the line of 
propagation. The resultant of these two groups will stand out 
by this circumstance from all the other resultants of two groups ; 
and a musical ear might detect the periodicity from its promi^ 
nent efaaracter, although this resultant might not be more 
aadible than the others. In this manner the theory accounts 
for a perfect consonance bdng accompanied by Tartini^s beats, 
or grave harmonic, for the constancy of this occurrence, and for 
the small intensity of the sound. This evidence, that sound- 
vibrations are compounded like light-vibrations, is sufficient to 
meet an objection to the proposed theory of the composition of 
light on the ground of a supposed diversity between light and 
sound in this respect. 

Cambridge Obsenratorjr, 
Deoendier 13, 18^. 



IV. On the AiUmtic Cable. 
By J, N. HsABOEB, Electrician^ Plymouth*. 

THE suspense and anxietv occasioned by the present unsatis- 
factory condition of the Atlantic Telegraph Gable, have 
atbrded opportunity for an endless amount of speculation as to 
the cause of failure, and the prospect of ultimate success, and for 
an infinite variety of propositions for new forms of cable, in- 
tended to prevent the liability to accident and remove the 
objectionable, peculiarities of the present one. These have in- 
cluded some of the most ridiculous schemes that could well 
emanate from individuals quite unacquainted with the subject. 

During the last twelve months the journals have been teem- 
ing with notices of new patents, many of them for the revival 
.of eontrivances which have long become obsolete, but which 
appear, nevertheless, to be quite new to the present projectors. 
Some have gone so far as to patent impossibilities, whUst others, 
better informed, have introduced some valuable improvements. 

In the cure of any disease, it is generally admitted that the 
discovery of its cause is half the battle; and it will be the 

* Read at the Plymouth Institution and Devon and Cornwall Natural 
..Biitiir; Soeiety* December 16tb« 1S58. Cominunipated by the Author. 
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object df the present baper^ to exai!Bm*'BrfeV^«Pl!tf*f'rfeculf»lfia 
of (Submarine cables m general, ahd«B«'A%ls^l^XMlA^%^^tt<^ 
ticular/ together with the' bliectidciii ^^U^iU!^^d(H}^%t(d[(fol^t;i(i 
ktter; with a view of a^ett^iiihg'/tf '^siib)«i;^Ue''il^tllte]Hy'# 
the meani^ to the ehi, and thence d!ra«Hl|g'teodtie''prtM^fitit^ d^ 
chisions/ whidi it is hoped inay serte^forfcture gtiifUiHCfe;'^'''^ 

In order to do this, we must taJ^e abtief viewtof tbeflifefent 
conditions and functions of atmosjAerfe bttd' sttbAqftebiifif^Uttfeift 
and the phsencMnena to which they give' rise'.'" "i ^ '^;'^ 

With a freely-insulated atmospherfc ^Te; that i^ to^ feay/with 
a wire suspended in the air by instdating sa]^ports^ bfter *4M 
manner of our ordinary telegraph wires, fte study of -thfe phse^ 
nomena developed in working ihh^iigh it ' ib cofctiptoatiVfely 
simple, and the laws easily deduciMe. TBey resolve thciflsiEflves 
principally into the relation between the^elJEfctJOittldtiVte'foJtji 
of the battery, and the resistance -of the 1i^i*e i*[roufeb 'WM(A 
the current has to pass. I use the term i^sistatfce becAttS^'it 
is a more significant term than the feonverse one of cotidttctirig 
power. It was formerly the custom to designate metals eoil^ 
ductors of electricity ; and so they are to a certain extent; bul 
they are all relatively so, and the best conducting of them afford 
a certain amount of resistance. By the use of suitable instrus 
ments the relative degrees of condactiiig power of the Various 
metals, or of different samples of the same metals, or, in other 
words, their relative resistances to the force of the electric cur^ 
rent, can be accurately determined. - 

The Society wiU remember that in the yeat 1842 I exhibited 
a magnetometer, which I had invented for determining tihfe 
relation between the electro-motive force of different voltaic 
arrangements, and the resistance of conducting wires under 
various conditions, as well as the infltienee which these modifi- 
cations exerted over the development of magnetism in iron. 
For this invention I was honoured, in 1844, with the priae silvi* 
medal of the Royal Cornwall Polytechnic Society. The eiigra- 
ving and description of the instrument will be found in thfe 
report of that Society for 1844. In April 1845, 1 exhibited the 
instrument at the London Institution 5 and an account of it was 
given in the 'Electrical Magarine,^ vol. ii. p. 183. More 
recently an engraving and description of it have appeared h. 
Dr. Noad's Manual of Electricity. 

The instrument is now before the Society ; and I have intro- 
duced it this evening because great stress has been of late laid 
upon the valuable results arrived at by the employment of a 
magnetometer, to the invention of which Mr. Whitehouse, the 
electrician of the Atlantic Company, has laid claim, and with 
which; to use his own expression, he weighs the strength of tito 
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pmm\vryMm\ <WiWtap(,ft JkNOg aad 4«li9ate steelyard, which is 
^IH^^f^di)?'^^^^ .^P VrpPipi^^ 30 inches high, firmly 

^^4oW>9^^iy)hase-Voftr<l aiwujt 4 feet loBg and 1 foot wide^ 
■jgrQliKHll^i^dii^^nd Qf tj^e Jevci: h«nga a steel hook for holding 
iW, |^pf^,',wit]b,.A CKHitrifvance for raising or depressing it. 
Magnet .^f various^ kiads, oan be fixed yertioally on the base- 
jbpfyrdi 'un^ertbe k^per.- One of the most useful forms of 
inag|ietiiiS«.«(,UH)ba^ad one «I)out 12 inches high and If diame- 
ter. Upon its poles is coiled a rope, consisting of 24 strands 
ffii }4'€kplQ^Qopper wi^e, e^h 12 feet long, covered with cotton 
.a|Ld-,Yaicni^ed;pi:eviou8ly to. twisting. The form of wire rope 
i^ pre^rrecl> as .ev€^ strand bears the same relative position 
with Xiegard io its power, of influencing the magnet. The ends 
pi itbc^e wiijef aue sevei^ly ponnected with twenty-four pairs of 
binding. 8i;rews» fixed in a fiat piece of mahogany in front of the 
^ag^etj in^iiob a mannecas to admit of their being joined in 
4traQ!?)i»,n]odei^teith^ collaterally or consecutively. For example, 
they may be made to form a short conductor of 12 feet in length 
and 24 wires in thickness; or they may be united end to end, 
to form one: ooi^tinuous conductor, 288 feet in length, and a 
PHUgle wire in thickness; or they may form any intermediate 
length aad thickness. The only difference between Mr. 
^^itehou&e's naagnetometer and mine, is that he has placed his 
magnet horizontal, whereas mine is vertical. I do not mean, 
for a moment, to imply that Mr. Whitehouse derived his ideas 
from my instrument ; but I merely wish to state that mine 
ivas made^ and' jits construction published sixteen years since, 
whilst, I believe, Mr. Whitehouse^s magnetometer is not yet 
three years old. 

. The .mode in which I apply this instrument, to ascertain the 
resistance of any conducting circuit zs^ compared with any other, 
is to initroduee into the circuit betwe^i the voltaic battery and 
the magnet, a known length of wire to be tested. The amount 
.of attractive force developed by it is then noted, the wire re- 
moved, and another wire substituted for it. The attractive 
j)Ower is again noticed, and should it vary, the length of the 
wire then in circuit is increased or diminished until the attrac- 
tive force is made precisely equal to that of the first experiment. 
Their relative resistances,, or, in other words, their relative con- 
ducting powers, are thus easily determined. For instance, sup- 
posing that the diameters of the wires are precisely equal, their 
•relative resistances will be in the inverse proportion of thehr 
respective lengths, so that if a wii*e requires to be reduced to 
half the length of another wire of similar thickness to produce 
the s^me elfect, it shows that it has only half the conducting 
poi?€Xj <ur^ in, other words, double the resistance. 
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Secondly^ their lengths being equals their rdative rettl^taiM^ 
will be directly as their mass ; for the wire which require» to 
have its thicktiess increased to produce an equal effect^ ofier* the 
greatest resistance^ and is the worst eonduetor. It is for this 
reason that when iron wires are used for telegraphic purposes 
they require to be very much larger than when of copper. 

By means of this instrument^ the Society will recollect that I 
determined many of the relations between the energy of certain 
voltaic arrangements and the conducting power of various wires 
under di£Perent conditions ; and though it may appear strange, 
yet it is a fact^ that the results which I obtained and detailed 
to the Society from fourteen to sixteen years since^ would, if I 
were to publish them now, be quite new to the scieiitific world. 
The laws of electro-motive force and resistance have^ howev^i 
been determined by instruments of a different character, such 
as galvanometers, voltameters, &e.; and it is satisfactory to find 
that they correspond with the results obtained by the present 
instrument. 

These laws being determined then, their operation in oon* 
nesion with the transmission of electricity through atmospheric 
wires is, when sources of error are carefully excluded, very con- 
stant and definite ; but in the action of subaqueous conductors, 
a new class of phsenomena present themselves, in addition to 
and altogether different from those already referred to. A wire 
coated with gutta pereha and plunged in water, represents a 
Leyden jar, of great length and small diameter. The wire is 
the inner coating, the gutta pereha or other insulating substance 
is the dielectric, and represents the glass ; and the Water is the 
outer coating. If a coil of wire, insulated in this way, be im- 
mersed in a tank of water, with its two ends out of the water, 
we shall have a Leyden jar whose coated surface will depend 
upon the length and diameter of the included wire ; and if a 
charge of electricity be communicated to this wire, either from 
an electrical machine or a voltaic battery, that charge will be 
retained for a certain time, and the wire may be subsequently 
discharged, producing effects commensurate with the conditions 
of the arrangement. I think about ten or eleven years since, 1 
was applied to by an agent of the Gutta Pereha Company, to 
explain the reason why a portion of the charge of a voltaic bat- 
tery was retained by an insulated wire under the conditions 
which I have just described ; and I at once referred it to the 
action of the Leyden jar. About two years subsequently it 
was submitted to Dr. Faraday, who gave the same explanation. 
From that moment I foresaw the difficulties which Would pre- 
sent themselves when very long submarine lines should be used ; 
and these have been constantly experienced, more or le$s, in ail e^ 
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4)iem; In aome cased they have been partially counteracted ; bat in 
oth^fi th^ hare been so great as to render useless some most 
Viduable instmments commonly used with the atmospheric Unes. 
. The action may be thus described. Suppose an insulated 
mte extended lor a great length under the sea^ and having its 
two ends brought on shore and insulated. It is desired to work 
(bhroQ^ this wire in the ordinary way, that is, with the earth for 
return circuit. The arrang^nent would be the following : — 

A voltaic battery will have one of its ends connected with the 
earth, and the other with a key capable of making contact, when 
desired, with one end of the insulated wire. At the other end 
y>f this insulated wire, a telegraphic instrument will be so ar- 
ranged as to receive the current from it, and transmit it to the 
ground ; so that, according to some theories, the current origi<^ 
nated in the galvanic battery, starts from one end, passes into 
the insulated wire, and tries to get back again to the other end 
<A the galvanic battery \ or what is the same thing, though not 
quite in accordance with the theory, tries to get at the earth or 
sea as soon as possible^ If the insulation be perfect, the current 
is constrained to pass to the other end of the wire, and through 
the telegraphic instrument, before it can get to the earth ; but if 
there be any fissures in the insulating coating, by which the 
electricity can find its wfi^ to the water, it wiU rather escape at 
imce through them than force its way onwards through the 
resistance offered by the remaining length of wire, espemlly if 
that length be very great. Hence, if by accident or careless- 
ness the gutta-percha coating of a submerged telegraph cable 
be defective^ it is easy to understand, from what I have ex- 
plained before, that although the conducting wire may be per«> 
feet, yet electricity sent in at one end may never reach the 
other, especially if the wire be disproportionately small in rela- 
tion to its length, and consequently offer great resistance. But 
this is not the only difficulty or peculiarity incident to this 
atrftngement. 

The tendency which the electrical current, pervading the wire, 
has to escape into the sea throughout its whole length, sets 
up an inductive action between the conductor and the sea by 
which it is surrounded > and the conditions and actions of the 
Leyden jar are thus immediately established; and whenever a 
CQrrent passes through the conductor, that current necessarily 
charges the internal surface of the gutta percha vnth an elec- 
trical state bearing its own character, viz. positive or negative, 
according to the direction of the current. The amount of this 
charge will depend greatly upon the thickness of the gutta- 
percha coating, and the intensity of the current required to 
-overeome the resistance of the wixe. 



Digitized 



by Google 



9i Mr. 1. N. Heaid^r on Oe jManiicCabU* 

The ekfti^e thus communicated to the surface of the gutta 
percha endeavours to return into the wire whenever the latt^ 
regains its neutral condition; and if immediately after the trans- 
mission of a current through the conductor^ its ends be con<r 
nected with the earthy this charge will be found to flow out at 
each end^ starting from a point near the centre^ until the whole 
is discharged. If telegraphic instruments be so connected with 
the ends of the conductor as to form the channels by which 
these discharges flow back again into the earth, after each sus- 
pension of the battery current, they will, if they are constructed 
so as to be influenced by statical electricity, be acted upon by 
these discharges, just as if they had been transmitting signals 
from a battery. It follows, therefore, that before fresh signals 
can be transmitted with certainty and accuracy, the wire must 
be permitted to clear itself entirely of this residuary charge; 
otherwise the succeeding battery currents will be embarrassed 
and confused. In submarine cables of moderate lengths this 
difficulty has been partially met by modifying the character of 
the telegraphic instruments, but not without a considerable sa- 
crifice of rapidity in working, as compared with the rate of trans- 
mission through atmospheric lines. With very long lines, how- 
ever, even under the best circumstances, this clearing-time, 
or, as it is improperly called, retardatipn, is very considerable^ 
amounting often to twice and thrice that required for the actual 
transmission of the primary current. 

By a careful attention, however, to the due adjustment of the 
length and thickness of the wires to the battery current, much 
of this inductive action may be overcome, and the tendency to 
take up charge be diminished. When the resistance of a wire 
is very great, it requires high intensity in the battery current to 
overcome it ; and as the tendency of the wire to charge the gutta 
percha increases in a much higher proportion than the statical 
intensity of the current, it follows that the lower this intensity 
can be kept (and this can only be done by diminishing the resists 
ance), the less will be the embarrassment from residual charge. 
The only way in which this resistance can be diminished, is by 
increasing the bulk and conducting capability of the wire, it 
may be argued, however, that this increase of bulk increases the 
inner surface of the gutta percha exposed to the charging in- 
fluence. Granted ; but it must be remembered that doubling the 
diameter only doubles this charging surface, whereas the trans- 
verse sectional area, and consequent conducting capability, are 
quadrupled. The requisite intensity, therefore, and charging 
power of the current will be only one-fourth ; and if the diameter 
of the wire were four times as great, the charging surface would 
also be four times as great, but the charging power of the curr^t 
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«^tifil1^ ^]y>^^^i£teb£(lhl; mA this I believe b very much 
#ft?§i/'<fee?^waA;«forf««fecto» which I have before «teted. 
^^^9si''^]^^^i/lke^^tm^f\t9 as a test in the examiBati<m of 
tB^ A^ntte6abl^^ kj^e^Hi^^iictioti (appeals objeotiont^le in ma»y 

'/ rdo'noth^f<eitife^dtd'di«oas8 the merits of iU meohamcal 
tMlaj^ment, such aB the 'propriety or impropriety of coating it 
ea^lernalljr with wire^ o^ its ^uitabUity or oiherwiae for the pur-^ 
pdte of -a deep-sea cable/ though I consider that it is fur from 
heiizig the' best form thai mi^t have been adopted for the pur-^ 
f69^y iinck no provision* is made to enable each element of which 
the cableis composed totrike its own due proportion <rf the strain 
te^ which the whole might be subjected. I wish to confine my- 
^df more particulady to a consideration of its electrical qualities^ 
whidr, from the very first, I have unhesitatingly disapproved of> 
holt only publicly but privately in frequent friendly discussions 
with Mr^Whitehoase, the eketrician of the Company, with whom^ 
though I have the highest respect for his talents, I happen to 
differ very widely upon some important ftmdamental points.^ 

I shall treat the subject in a dispassionate, scientific spirit, and 
deduce my reasonings from established electrical laws, and not 
fi?om speculative theory. The first feature, then, which strikes 
the dectrician, is the smallness of the conductor. It is « well- 
established electrical law, that the resistance which a wire offers 
to the passage of the electric current is directly as its lengthy 
a!ld inversdy as its transv^se sectional area, or, in other words, 
iiiversely as its mass. A wire of double the mass, and the same 
length as another, will conduct twice as well, it being equivalent 
to two wires laid side by side. A ware of the same thickness^ 
but twice the length of another, will conduct only half as well; 
therefore if doubling the length reduce the conducting power 
oneJialf, it is only requisite to double the mass of tibe wire 
which is twice as long, to bring it up to the original standard 
of conducting power. By parity of reasoning, if a wire of 
given mass, and 200 miles in length, and possessing a certain 
amount of conducting power, have its length increased tenfold, 
its mass must be increased tenfold also> in order to maintain the 
8toe conducting power relatively to the electro-motive force of 
the battery working through it. If, with the increased length, 
its mass be only increased fivefold, then it will possess double 
the resistance, and will require a battery-current of twice the 
intensity to overcome it ; or if the length be increased ten times 
without increasing the mass at all, then the battery power must 
be increased ten times, or telegraphic instruments of ten times 
the amount of susceptibility must be used. The wire of the 
Atlatitic Cable is composed of seven small wires, of No. 22 gauge, 

Phil. Mag. S. 4. Vol. 17. No. 111. Jan. 1859. D 
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twisted together^ forming a strand or cord about equivalent in 
mass and conducting power to a copper wire of No. 15 or 16 wire- 
gauge, the size of tolerably stout bell wire. This is not so thick 
as would be used on overland lines if copper were employed 
instead of iron. Now even with the best insulation, and the 
most favourable conditions of which these overland wires are sus- 
ceptible, it is found that currents of high intensity are constantly 
required in long lines j yet it appears extraordinary that this fact 
should have been overlooked in the determination of the size of 
the Atlantic wire, placed as it is under conditions which tend to 
divert the electrical effects of the currents through every inch of 
its length. 

- In addition to the great intensity of current requisite to over- 
come this unprecedented amount of resistance, a still greater 
degree of electrical force was necessary to compensate for the 
absorbing or inductive influence of the insulating coating in close 
contact with its surface. 

: To meet this difficulty Mr. Whitehouse contrived his induction 
€oils, with a view of obtaining from their secondary currents 
electricity at a degree of tension which should be adequate for 
all the requirements of the cable. Unfortunately these coils, of 
which I shall have to speak hereafter, were constructed upon 
principles purely hypothetical, and were not the result of the 
experience derived from practical investigation, or carefully and 
gradually developed plans. 

The disadvantages arising from this attenuated form of con- 
ductor are as follow : — 

1st, Its great resistance requires the employment of electricity 
of very high tension, involving either the use of batteries in very 
extensive series, or of electro-magnetic or magneto-electric ma- 
chines of great power. 

2nd. Supposing the first difficulty to be overcome, which is 
quite practicable, another disadvantage presents itself, viz. the 
necessity of adapting the recording instruments to the character 
of the current. Electrical effects are of two kinds, designated 
by the terms static and dynamic, embracing the two extremes 
of intensity and quantity. Magnetic effects depend upon the 
dynamic or quantity character of the current, and when they are 
required to be produced from statical electricity, or intensity 
currents of low dynamic character, they can only be obtained by 
multiplying a great number of statical effects, so as to get the 
united actions of the minute quantity due to each. 

Since with a long attenuated conductor, currents of high ten- 
sion alone are available, the recording instruments must be such 
as to be influenced by statical or high-tension electricity ; and 
the result is, that in proportion as they are so, they are not only 
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acted upon by the primary electric current intiended to produce 
the signal, but by the static charge which has been taken up by 
the gutta-percha coating from the wire whilst the electricity wa$ 
passing through it, and which returns into the wire and escapes 
through it, and through the instruments, after the primary cur- 
rent has passed, and which continues to influence them until 
the whole of that residual quantity has been discharged. 

3rd. The static charge which is taken up from the wire by 
the gutta-percha coating increases even in a higher proportion 
than the intensity of the current itself, and therefore with a long 
attenuated wire these static effects increase, not only with the 
length of the wire, but with the intensity of the current working 
through it, and as gutta percha is analogous to crown glass and 
some other insulating substances in its power of taking up elec- 
tricity quickly, and parting with it again slowly, the delay occa- 
sioned by waiting for the wire to clear itself of this static charge 
and regain a neutral condition suited for the transmission of a 
new current, is so considerable as to interfere most seriously with 
the rapid transmission of signals. The recording instrument, 
after being affected by the primary current, remains still acted 
upon by the residual charge, though in a gradually decreasing 
degree for a second or more, and consequently no new signal can 
be transmitted whilst these effects are taking place, whereas with 
an overland line the transmission of the electrical impulse is so 
instantaneous and abrupt, that as^ many as twenty or more dis- 
tinct impulses can be recognized and recorded in a single 
second. 

4th. This disadvantage leads to another, viz. the necessity of 
working very slowly, and employing recording or indicating tele- 
graphs, the varied signals of which combine to form letters ; and 
as these letters are often composed individually of four or five 
separate signals, each occupying a second or two for its distinct 
and perfect transmission, and as words contain on the average 
five or six letters, it follows that each word will require from fifty 
to sixty seconds for its transmission. This was actually the rate 
at which, under the most favourable circumstances, the Atlantic 
Cable worked in Keyham Dockyard, although from various news- 
paper reports the public were led to believe that as many as four 
words per minute had been transmitted through it. This might 
probably have been the case if words only had been selected 
composed of one or two signals, but in ordinary messages one 
word per minute was the average rate of transmission. 

The loss of force in the current of electricity by the resistance 
of the long wire^ may be comprehended when I state that a flow 
of electricity from a pair of huge induction coils capable of pro- 
ducing the brilliant combustion of thick pieces of copper wire 
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when passing between their terminals^ and sufficient^ 1 should" 
consider, to destroy life in an instant, was so reduced when pas- 
sing through 2500 miles of the Atlantic Cable, that I could just 
perceive a slight throb in my tongue whilst idlowing the shock 
to pass through it. 

An attempt was made to obviate the embarrassment arising 
from the action of the residual charge, by reversing the currents, 
and upon the following principle : viz., that as the passage of a 
positive current through the wire charged the internal surface of 
the gutta percha positively, giving rise to a residual discharge , 
of positive electricity from the wire after the passage of the cur- 
rent itself, so it was thought that the transmission of a negative 
cuiTcnt after the positive, instead of another current of the same 
character, might have the effect of assisting, as it were, in more 
rapidly exhausting the residual positive charge, and disincumber- 
ing the succeeding negative current of disturbing influences. This 
plan partially succeeded, but only partially, since the time saved 
in the transmission of consecutive signals was but little. It was 
found, practically, that when these reversals were repeated quicker 
than at certain intervals, no signals were indicated. I had a 
remarkable opportunity of testing this peculiar effect whilst ex- 
amining some of these phsenomena with Mr. Whitehouse. When 
the conductor of the Atlantic Cable was separated in the middle, 
and the two ends laid upon the tongue, so that it should form 
part of the circuit, the effect of the reversals could be easily and 
curiously distinguished. Each wire produced a sensation, the 
negative one being the stronger. As the reversals were made, 
so the characteristic pungent sensation alternately shifted from 
one wire to the other on the tongue, and as they followed each 
other more rapidly, so the sensations became less and less dis- 
tinct. From practice however, added perhaps to a greatly in- 
creased nervous susceptibility, arising from my want of sight, I was 
able to appreciate these alternations long after they would have 
ceased to be indicated by the recording instruments. 

The reason of this partial success appears evident enough, on 
considering the nature and action of the residual charge. It 
must be remembered that a wire coated with gutta percha and 
immersed in water, has a double office to perform, viz. not only 
to conduct the current to the other end, but to distribute por- 
tions of that current throughout its course to the surface of the 
gutta percha, for the purpose of charging it after the manner of 
the Leyden jar ; and since the terms positive and negative, when 
applied to the current, are merely conventional, and only indicate 
its direction, it is necessary to consider the phsenomena in their 
relation to these directions. A voltaic battery, then, or any other 
arrangement which sets electricity in motion, is possessed, accord- 
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ing to the single-fluid hypothesis^ of the power of giving out 
electricity at one end^ and taking it in at the other^ and if a very 
long wire have its two ends brought in contact simultaneously 
with the ends of a voltaic battery or other electro-motor, the 
first action is an exhausting effort at one end, and a flow of elec- 
tricity into the opposite end, thus disturbing for a brief instant 
the normal distribution of the electricity naturally belonging 
to the wire. However rapidly these effects may pervade the 
whole length of the wire, there is a time when the ends and the 
^ centre will present three different degrees of electrical condition, 
the centre being neutral, and the ends respectively plus and 
minus. Now, suppose contact with the galvanic battery to be 
made with one end of the wire, only its other end being in con- 
nection with the earth at a very remote distance, the electrical 
conditions of the wire will be different. 

If contact be made with the plus end of the battery, a flow of 
electricity takes place into the wire, producing a wave which 
gradually flows to the other end, charging the gutta percha in 
its passage in proportion to the intensity of the current required 
to overcome the resistance of the wire. That this occupies time, 
is proved by Mr. Whitehouse's ingenious chronometric test, 
which registers the time at which th^ current appears in different 
portions of the length of the wire. The electrical condition of the 
wire will in this case be different : the remote end will be neutral 
until the current reaches it, but the other end will partake of the 
plus condition of the end of the battery ; and after the current has 
pervaded the wire, the whole will appear positively charged. If 
contact with the battery be now broken, and that end of the wire 
be also made to communicate with the earth, the wire, as far as 
itself is concerned, instantly becomes neutral, but the charge 
from the gutta percha now returns to the wire, and flows out at 
both ends from the centre in opposite directions, giving rise to 
two currents at the ends of the wire, one at the remote end in the 
same direction as the first current of the battery, and another 
out at the near end in opposition to the original current of the 
battery. 

If this experiment be reversed, and the negative or minus end 
of the battery be brought in contact with the free end of the wire, 
the other being to earth, a partial exhaustion, as it were, of the 
electricity natural to the wire takes place, which effect gradually 
extends to the other end, so that the current is produced not by 
propulsion from the battery, but by exhaustion towards it. As 
soon as the effect pervades the whole system, therefore, it appears 
minus or negatively charged, and on breaking contact with the 
battery and communicating the second end of the wire to earth 
as before, two opposite currents are again produced, entering the 
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two ends and flowing towards the centre to supply the gutta 
percha with the electricity which the wire and battery have 
extracted from it. 

Now it is quite evident that a second contact of the battery 
with the wire whilst charged in either of the preceding conditions^ 
must be attended with results very diflerent from those of a 
contact with a neutral wire. In the first case, viz. that in which 
the two currents are flowing out of the wire, the second contact 
of the plus or positive end of the battery will have to react against 
the j)ositive current flowing out in that direction, and cause it ^ 
it to return and flow out at the other end, and, following close 
after it, will, when it reaches the remote end, merely produce 
an eflect equivalent to a continuous current without a break or an 
interval between. If, on the other hand^ the negative end of the 
battery be brought in contact with the positively charged wire, 
as in the case of a reversal, the effect will be that its exhausting 
influence will first facilitate the issue of the positive current from 
the end of the wire with which it is brought in contact^ and it 
will then begin to extend its influence to the remote end of the 
wire, following, as it were, upon the heels of the positive current 
going out at that end, and caUing back portions which might 
otherwise have continued in that direction. 

With a negative charge in the wire, of course the converse of 
these actions takes place. So much time is occupied in the 
transmission of a wave through the Atlantic Cable, that it is easy 
to send a positive current in at one end, and, before it shall have 
reached the other, to arrest it and cause it either to subside or 
return, by reversing the connection, and substituting the negative 
or exhausting end. I am using familiar terms, because these 
remarks may meet the eyes of the unscientific as well as the 
scientific, and I wish to be comprehended by both. It thus 
appears that, whether consecutive currents of the same character 
are sent forward, or reversals of the currents are employed, more 
time is necessarily consumed than is commercially desirable, and 
the value of the cable is hence considerably depreciated. 

I have alluded to the property of gutta percha to retain an 
electric charge, known as its specific inductive capacity. This 
property adds to the embarrassment ; for although gutta percha 
takes up an electric charge very readily, yet that charge appears 
to penetrate into its surface, and entangle itself in its pores, to 
such an extent that it separates from it again with reluctance. 
I have before drawn attention to an analogous property in crown 
glass (Phil. Mag. April, 1858), which retains as much as 25 
per cent, of the original charge, and parts with this residue with 
great difficulty and in small portions at a time, so that, after a 
coated plate of crown glass has been chained and discharged, it 
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will yield as many as 20 or 80 minute residual discharges^ ex* 
tending over an interval of half an hour. 

Having now pointed out what I consider to be the chief sci- 
entific defects in the Atlantic Cable, I might proceed to describe 
the means which I have lately introduced for.removing them, and 
obviating the difficulties which at present lie in the way of the 
successful construction and working of very long submarine 
telegraph cables. But I intend this to form the subject of a di- 
stinct communication ; I shall therefore now proceed to examine 
the arrangement and pecuUarities of the instruments intended 
to be employed for working through it. 

When intense currents are wanted to overcome resistance, it 
is necessary to use batteries consisting of a great number of 
elements; but as a highly«resisting conductor can transmit only 
a small quantity of electricity, these elements may be extremely 
small, and I believe that the batteries usually employed are very 
much larger than necessary. There are other modes of exciting 
electricity of high tension, where the quantity effects are not 
required to be great, such as the secondary current of an induction 
coil, or the current produced from a magneto -electric machine. 
I see no reason^ however, why, small and inadequate as the 
Atlantic conductor is, it might not have been worked with an 
intensity battery of a large number of small plates; but the 
electrician of the Company, Mr. Whitehouse, preferred working 
with electro-magnetic coils, and accordingly contrived an in- 
duction coil for the purpose, having the primary wire outside 
and the secondary wire within, immediately surrounding the 
core. 

From a careful consideration of this instrument and its effects, 
it appears to me open to many objections, both as regards its elec- 
trical arrangements and mechanical construction ; and the com- 
paratively small amount of effect produced by it in relation to its 
magnitude, and the enormous power and gigantic character of 
the batteries required to excite it, seem to justify these conclu- 
sions, and to indicate that there are some serious radical defects 
in the internal arrangement. Judging from the power developed 
from my own form of the induction coil, I was prepared to expect 
effects some fifty times greater. When, however, Mr, Whitehouse 
explained to me that none of the coils had been properly tested, 
and that some of the largest had even been made and put on 
board ship without any trial whatever, from want of sufficient 
time and opportunity, it was easy to understand how apparatus 
requiring such an intiuiate and profound acquaintance with the 
laws of electricity on the part of the inventor, and so much me- 
chanical skill and judgment added to the greatest familiarity 
with electrical appliance^ and arrangements on the part of the 
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workmen employed^ might fall very far short of what was ori- 
ginally expected. Indeed the induction coil is an instrument 
the success of which depends so much upon the experience de- 
rived in the course of repeated manufacture^ that the greatest 
wonder is that Mr. Whitehouse^s coils have succeeded at all 
under such disadvantageous circumstances. They possess the 
elements of enormous power, if judiciously arranged and con- 
structed; but since they give such unmistakeable evidence of de- 
fective construction, it would be hardly fair to attribute their 
present failure to a faulty arrangement. I do not refrain, how- 
ever, from stating my general objection to every portion of the 
plan upon which they are made. One peculiarity in particular^ 
which renders them totally unfit for the purpose for which they 
are intended, is that the secondary current is deficient in inten- 
sity, and that its quantitative effects are not only far too great 
for the required purpose, but the current itself, instead of being 
abrupt and instantaneous, possesses an amount of duration quite 
incompatible with the rapid reiteration of signals. In some ex« 
periments which I witnessed, the secondary current, in passing 
between large copper terminals, flowed for more than a second, 
producing a vivid combustion, which permitted the terminals to 
be gradually separated from each other to a distance of three- 
quarters of an inch. A current capable of flowing for so long a 
time through such a resisting medium as the atmosphere, would 
flow still longer through a conductor, and would thus add greatly 
to the difficulties already presented, as I have shown by the con- 
struction of the Atlantic Gable. 

In order to provide a current suitable for the capacity of the 
enormous primary wires of these induction coils, gigantic batteries 
were constructed, consisting of 400 plates of silver 9 inches 
square, and the same number of similar plates of zinc, which 
were fitted into 20 gutta-percha troughs, each containing 20 
alternations of zinc and silver. The 20 silver and 20 zinc plates 
in each trough wefre arranged as single pairs, all the silver being 
united at the top, and all the zinc at the bottom. The whole 
battery thus consisted of 20 pairs of plates, each containing 
22^ square feet of silver, calculating both sides in action. These 
stupendous batteries were mounted in ponderous iron gimbels 
for the sake of stability on board ship ; the cost of the silver was 
about £2000, and that of the whole batteries, independently of 
coils or other apparatus, about £3000. Subsequently, however, 
from some experiments with plates of gas carbon, it was dis- 
covered that these were more energetic in their action than silver 
plates, and accordingly the electrician of the Company deemed 
it advisable at once to discard all the latter, and introduce plates 
of gas carbon in their place. 
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Bearing in mind the tiny character of *the Atlantic wire, one 
is irresistibly led to inquire what end such a battery as this was 
destined to accomplish, and whether the same end might not 
have been attained by much smaller means. 

Its object, then, is not to generate a current of electricity to 
be passed through the cable, but through the primary wires of 
the induction coil, in order to excite magnetism in its iron core ; 
and it is the magnetism thus excited which has to react upon 
the secondary coil, and generate the current of electricity which 
is to be employed for working through the cable. The electrician 
will not fail here to predicate "^many chances of loss of power, if 
the conditions requisite for developing the greatest amount of 
magnetic power in the iron core, as well as for turning to the 
best account the magnetism thus obtained in the production of 
a secondary current, be not observed. The effects at present 
produced by these induction coils, as I have before remarked^ 
indicate serious losses somewhere ; but whether they arise from a 
faulty principle or defective workmanship, is a problem yet to 
be solved. . I cannot conclude this paper without offering an 
opinion or two on the present cause of failure of the Atlantic 
Cable, and the ultimate prospect of success. Had the cable been 
tested in water, after completion, which might have been readily 
done at Keyham Dockyard, defects might have been easily dis- 
covered and repaired. The omission of this test leaves much 
room for speculation as to the cause or seat of the injuries or 
defects. I have no faith in the modes which have been adopted 
to discover their situation, so far as I have become acquainted with 
them, though I believe that the proximate determination of these 
particulars is still attainable. A consideration of the mechanical 
construction of the cable shows that it is very liable to injury in 
the process of laying. I have seen some specimens recovered after 
immersion, which were kinked in such a manner as to strain and 
injure very materially the gutta-percha coating of the conductor, 
which having nothing but its own tenacity to depend upon, would 
be subject to enormous tension by the lengthening of the external 
iron covering. With electricity of such high tension as that 
required to work through the wire, the smallest fissure or defect 
in the insulating coating would form a leak of a much more 
formidable character than if it existed in a wire of moderate 
length ; and the fact of working to earth increases the tendency 
to lateral discharge. If, however, the faults be not discovered 
and remedied, the cable, although useless for the purpose for 
which it was originally intended, may still render valuable assist- 
ance to the success of future lines by being employed as a wire 
for the return current, instead of employing the ordinary mode 
of working to earth — a practice which appears to me, in relation 
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to submarine cables, to be higbly objectionable. The employment 
pf a return wire, especially of large conducting capacity, would 
prevent much of the inductive action which now takes place 
between the inner conductor (the wire) and the outer conductor 
(the sea). I believe also that a current of moderate quantity 
and high tension, such as is developed in my own form of the 
induction coil (Phil. Mag. Dec. 1856), wguld be far better cal- 
culated to overcome the difficulties met with in the Atlantic or 
other submarine cables, than the contrivances which have been 
hitherto adopted. 



s 




V. A lAst of the Pseudomorphic Minerals found in Scotland. 
By Dr. Heddle*. 

HETLAND ISLANDS. In Mainland, on the west side of 
Hillswickness, nearly opposite the Drongs, — 

Chlorite after garnet, form rfnt> Fig. 1. 

fig.i. 

Although the garnets are here fre- 
quently an inch in diameter, yet the cry- 
stals which have been metamorphosed 
are those of about the size of a pea, 
and the altered crystals occur only on 
the exterior of the rock, — the modifying 
agent, here evidently external, not having 
penetrated above three inches in depth : 
taking this into consideration, along with 
the situation of the crystals, and seeing that the chief change from 
an almadine garnet to chlorite consists in a diminution of silica, 
increase of magnesia, and addition of water, we may conclude 
that the change has been due to the action of the sea. 

Limnite after pyrites, form P Cy fig. 2. 

In Unstj on the north side of Balta Sound, in the large 
chromite quarry, — 

Serpentine after chromite, form o, fig. 3. 

At the smaller quan*y at Hagdale, — 

Kammererite after talc, form a o, fig. 4. 

* Communicated by the Author. 

t The lettering is that adopted by Greg and Lettsom in their Manual 
of the Mineralogy of Great Britain and Ireland. 
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Fig. 4. 




Orkney Islands. In Pomona, on the Fig. 5. 

shore west of the point of Ness near 
Stromness, — 

Limnite after cockscomb mar- 
casite. 

In Hoy, in the cliffs facing Brae- 
brough. Hoy head, — 

Haematite after pyrites, form P o e, 
fig. 5. 

Aberdeenshire. At Glen Gairn, along with idocrase and Wol- 
lastonite (?) — 

Essonite after epidote seemingly, the form being indistinct. 
Perthshire. At East TuUoch and elsewhere,— 

Limnite after pyrites, forms P and P e, figs. 6 and 7. 
Fig. 6. ^ Fig. 7. 






The crystals with the form P exhibit beautifully the strise de- 
pendent on an oscillation between the faces of the cube and pen- 
tagonal dodecahedron. Fig. 23. 

On the Knock behind Ballantuim 
Strathardle, — 

Chlorite after garnet, form d, 
fig. 23. 
Fifeshire. Near St. Andrews,— 
Marcasite after mineral charcoal. 
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This interestiDg pseudomorph was found at the Spindle ro^k^ 
where an outburst of trap tufa has passed tLrough the lower 
coal formation^ carrying up with it and altering portions of its 
various members : a rhomb of coal was found completely con- 
verted into marcasite^ which beautifully imitated the filaments 
of mineral charcoal scattered through the mass. 

At Glenfarg, hollow pseudomorphic cavities of what have been 
rhombs (/) of calcite occur in fargite^ but in no instance filled 
with any substance^ the pseudomorphic change being here in- 
complete. 

Tsle of May, in the cliffs on the west side, with datholite, — 

Prehnite after scolezite, form indistinct. 

Dumbartonshire. At the Long Craig, — 

Weissigite (albite) after stilbite, forms rab; rabV ; 
rabVM: figs. 8, 9, 10. 



Fig. 8. 



Fig. 9. 



Fig, 10. 







\d^ %^ 



Analcime after stilbite, form rab. 
Analcime after calcite, form y, fig. 11. 

The interior of these crystals frequently consists 
of unaltered calcite. 

Quartz after stilbite, form rab: 

this is, however, more of the nature of a coating 
than a replacement of substance, as the crystals are 
for the most part hollow. Fig. 12. 



A white substance (hardness 
about 6', pulverulent, in- 
soluble in acids, containing 
silica, alumina, lime, soda, 
and water) after stilbite in 
the forms rab; rabM 
(fig. 12); rabVM. 



Fig. 11. 




V^ 
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Kilpatrick Hills, — 
Prehnite after analcime, forms n ; n P : 
Fig. 13. 
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figs. 18 and 14. 
Fig. 14. 





These pseudomorphs are white, but their interiors are some- 
times hollow, the inner surfaces being ordinary botryoidal Prehnite 



Fig. 16. 




of a fine yellow colour. 

Analcime after Laumonite, form P M, fig. 15 ; 
also in a highly modified form, apparently 
exmhur, but indistinct from the small size 
of the crystals. 

These pseudomorphs are usually considered to 
be analcime (variety sarcolite), and are sometimes 
sold under the name of ^^Cluthalite;'' I am of 
opinion that they will prove to be Weissigite, a zeo- 
litic or fused albite. No mineral at all answering 
either in characters or composition to the cluthalite 
of Thomson has of late years been found near the Clyde, though 
boththeaboveandtheWeissigitepseudomorphshavepassedassuch. 

Prehnite after Laumonite, form PM. 

Weissigite after Prehnite (?) 

Steatite after natrolite. 

Green earth after caJcite, form y o, fig. 16, 

Haddingtonshire, near Tantallan Castle, — 

Celestine in radiating tufts after some 
mineral unknown ; ? natrolite. 

Edinburghshire. In Ratho quarry, — 

Pectolite after analcime, forms n ; n P. 
Barytes after analcime, form n P. 
Steatite after barytes in tabular crystals. 
Steatite after analcime, form n. 
Steatite after radiated pectolite. 
Ayrshire. At Landelfoot, — 
Pectolite after scapolite. 



Fig. 16. 
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As the crystals are rough (they occur in quantity too small for 
accurate investigation)^ it is not improbable that the substance 
as well as the form is that of scapolite ; if so^ it is the only loca- 
lity in the British Islands at which that mineral has as yet been 
observed. 

Lanarkshire. At the Lead-hills^ — 

Galena after pyromorphite, form ao, fig. 17. 

Quartz after Anglesite^ in long bladed crystals. 

Quartz after barytes^ form indistinct. 

Quartz after psilomelane^ botryoidal. 

Quartz after galena, form P, fig. 18. 

Cerussite after galena, form P. 

ChrysocoUa after galena, form P. 

ChrysocoUa after cerussite, form MaFibp, fig. 19. 



Fig. 17. 



Fig. 18. 



Fig. 19. 





Minium (ferruginous) after galena, form P. 
Calcite after galena, form P o, fig. 20. 
Wad after calcite, form du, fig. 21. 



Fig. 20. 



Fig. 21. 





This unique specimen, which is now in the cabinet of Mr. 
Dudgeon of Cargen, is most beautifully studded with minute 
crystals of Arragonite, all of which are disposed over the surface 
of the pseudomorph, so that their long axes are parallel to the 
plane u. 
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Yanadimte after galena, form P. Fig. 22. 

Calamine after vanadinite^ form ao, 

fig. 4. 
Hematite after calcite, form m r, fig. 22. 

Argyllshire. On the east shore of Kerrara 
Sound, in argillaceous schist, — 

Haematite after pyrites, form P. 
The centres of these pseudomorphs, which 
occur in large quantity, are sometimes hollow. 

On the island in Kerrara Sound, and on 
Kerrara, — 

Limnite after pyrites, forms P, Ve. 

About three miles north-west of East Tar- 
bet, — 

Magnetite after pyrites, forms P, Ve. 

Patches of unaltered pyrites occur dispersed throughout the 
mass of some of these crystals, which are apparently associated 
with small quantities of pennite and emerald nickel. 




VI. An Inquiry into the Origin of Whirlmnds, 
By Thomas Belt, Mount Egerton, Victoria*. 

HAVING during the last four years studied the phsenomena 
of those small eddies of wind common in many parts of 
Australia during the summer months, and having deduced prin- 
ciples which are, I believe, applicable to the solution of all, or 
nearly all, circular movements of the atmosphere, I am induced 
to lay the results of my observations before your Society, hoping 
that they may tend to clear up some of the doubts entertained 
concerning the origin of circular winds. 

Lying, as Melbourne does, within the limits of one of the 
great hurricane tracks, the subject is one of great importance ; 
and even if the opinions I am about to lay before you prove 
erroneous, still good must ensue from the attention of your 
Society being directed to the subject. 

The small eddies of air of common occurrence in this colony, 
are examples of the simplest form of a whirlwind. Taking them, 
therefore, as a starting-point, I shall propose a theory to account 
for their violence and circular action, and then seek to apply the 
same to the elucidation of the grander convulsions of the at- 
mosphere. 

Much of my reasoning must of necessity be from analogy ; 

* Read before the Philosophical Institute of Victoria, December 1867 ; 
eommumcated by the Astronomer Royal. 
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but I believe I shall not incur the charge of going beyond the 
limits of legitimate speculation. 

Every resident in Australia must have observed, during the 
hot season of the year, eddies of air carrying up dust, leaves, and 
other light substances to a great height, appearing at a distance 
like moving columns of dust. Though only a few yards in dia- 
meter, they are of great violence, often unroofing or overturning 
the sUght tents of the gold-seekers. The dust and leaves they 
carry up render their upward spiral motion very conspicuous. 
The columns sometimes remain stationary, but generally they 
have a regular horizontal movement. Clouds of dust envelope 
their base, out of which tney rise to a considerable height, often 
bent out of their perpendicular by upper aerial currents. They 
are especially frequent on the level plains, where, from the 
absence of trees, the rays of the sun exert great power. 

Small whirlwinds or eddies of air are not peculiar to Australia. 
Humboldt speaks of some observed by him on the 'llanos of South 
America, and ascribes them to the meeting of opposing gusts of 
wind. The vertical columns of sand seen by Clarke on the 
steppes of Russia, and by Bruce over the deserts of Africa, are 
similar phaenomena. They sometimes, but rarely, occur in En- 
gland, carrying up loose hay and other light substances, and 
scattering them over the surrounding country. Franklin de- 
scribes a whirlwind that he witnessed in Maryland, which began 
by taking up the dust that lay on the i:oad in the form of an 
inverted sugar-loaf, and soon after grew to the height of forty or 
fifty feet, being twenty or thirty in diameter. It advanced in a 
direction contrary to the wind ; and although the rotatory motion 
of the column was surprisingly rapid, its onward progress was so 
slow as to allow a man to keep pace with it on foot. Franklin 
followed it on horseback, and saw it enter a wood, where it 
twisted and turned round large trees ; boughs and leaves were 
carried up so high, that from their height they were reduced to 
the apparent size of flies. This last, though a much more violent 
whirlwind than those experienced in Australia, is strictly analo- 
gous to them. 

If those eddies of air are attentively observed, it will be per- 
ceived that currents of air are moving along from all sides, 
towards the lower apex of the column. The temperature of 
the air next the surface is sensibly diminished by their action. 
Often when travelling over the parched plains, I have deen the 
air quivering over the hot ground as from a furnace ; suddenly 
(within a few paces perhaps) a miniature storm has arisen ; and 
when after a few minutes' violence it has as suddenly ceased, 
the quivering of the air has been no longer perceptible, and the 
atmosphere has felt less oppressive : again and again the same 
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process has been repeated^ until the conclusion became inevitable, 
that those whirlwinds were the channels that carried oflF the 
heated air from the surface to the higher regions. 

It is generally supposed that^ as the strata of air next the 
surface become heated^ the rarefied particles rise and are mixed 
with the higher and cooler layers ; but 1 expect to be able to 
show that this equalizing action does not always take place in 
such a regular and placid manner^ but is accompanied by^ and 
the cause of, those commotions of the atmosphere known as 
hurricanes, typhoons, and whirlwinds. 

In calm or nearly calm weather during the summer months 
in this colony, the strata of air next the ground become heated ; 
and unless there is sufficient wind to carry them off and mix 
them with cooler portions of the atmosphere, they remain next 
the surface in a state of unstable equilibrium, and heat goes on 
accumulating until the elastic force of the heated strata becomes 
BO great, that at special points, where some peculiarity of the 
ground has favoured a comparatively greater accumulation of 
heat, they are enabled to pierce through the overlying masses 
of air and force their way upwards. An opening once made, 
the whole of the heated strata will move towards it and be carried 
off, the heavier layers sinking down and pressing them out. 

The eddies of air I have described, are the points where the 
heated air from iiext the surface is escaping through the denser 
superincumbent atmosphere; and as it has not only to force 
upwards but to contend against the pressure on the sides of the 
ascending column, it will readily be perceived how this double 
action gives to it its rotatory or spiral motion. The behaviour 
of an eddy of air is similar to what occurs when an opening is 
formed through the bottom of a shallow cistern of water. 

As heat is an active agent in eliciting electrical action, it may 
be that the lower strata are prevented from mixing with the 
apper by their peculiar electrical conditions. 

The hot winds of Australia prove that air does not always 
rise as it is heated, for in them we find a warm current of air 
actually displacing the cooler atmosphere. 

Analog!/ with hurricane^ ^c. — If the violence of the whirlwind 
is caused by the great pressure of the tipper masses of air 
forcing out the lower strata, its dimensions and force will be in 
proportion to the extent of the rarefied layers, — so that whenever 
large tracts of air next the surface are liable to be gradually 
heated, -we may expect whirlwinds to occur at intervals similar 
to the Australian eddies (which may be called the initial phase of 
a whirlstorm), but of greater extent and violence in proportion 
to the larger tracts of air drained off. 

Perhaps the next in violence to the eddies of air is the whirl- 
Pha. Mag. S. 4, Vol. 17. No. 111. Jan. 1859. E 
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wind of the sandy deserts of Africa, the dreaded Simoom. This 
is the outlet of the heated air extending over the surface of the 
dry desert. It is the presence of this heated stratum that 
causes the singular delusion of the mirage. In it we may per- 
ceive the couching simoom luring on the weary traveller with 
false hopes of arriving at refreshing sheets of water, then rising 
in its fury and overwhelming man and beast in a mound of 
sand. Bruce, speaking of the whirlwinds of the African desert, 
says, "We saw towards the north a number of prodigious pillars 
of sand at various distances, sometime^ moving with great velo- 
city, sometimes stalking on with majestic slowness/' Another 
traveller had an opportunity of seeing one of these pillars cross* 
ing the river Gambia from the Great Desert. It passed within 
eighteen or twenty fathoms from the stem of their vessel, and 
seemed to be about 250 feet in height. lis heai was semibfy 
felt ; and it left a strong smell like saltpetre, which remained a 
long time. 

It is, however, over the expanse of the wide ocean that we 
find the greatest development of the whirlstorm, namely, the 
typhoon and the hurricane. 

Since the circular action of these storms was demonstrated by 
Bedfield, the interests of navigation, as well as the requirements 
of science, have caused great attention to be paid to the subject. 
The tracks of many of the meteors have been defined, and minute 
directions laid down for the guidance of navigators, so that they 
may avoid the centre or vortex of the storm. 

Yet though many opinions have been put forward to account 
for their origin, so unsatisfactory are they considered for the 
solution of all the phenomena ficcompanying those meteors, that 
many writers on the subject concur with Colonel Reid, that 
" on the cause of storms, in the present state of our knowledge, 
it is best to be silent.^' 

When, however, we apply the theory I have exemplified in 
the Australian eddies, the solution of the characteristics of the 
whirlstorm is complete and simple. As, on the land, whirlwinds 
and eddies are most numerous where the sun exerts most power 
and the atmosphere is least agitated by winds, so over the ocean 
we find the regions of the cyclones existing under similar condi- 
tions. It is within a few degrees on either side of the equator that 
the cyclones originate and are most violent. The hurricane season 
in the northern hemisphere extends over the months of July, 
August, September, and October; and in the southern hemi- 
sphere, over December, January, February, and March ; and we 
find the hurricane tracks to be over areas of the ocean shut oflF by 
the interference of land from the continual action of the trade* 
winds and their equalizing influence. The cyclone region of the 
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Atlantic is witbiu tliat great bight formed by the coasts of North 
said South America^ having for its apex the Gulf of Mexico ; and 
that of the Indian Ocean is bounded by an arc of land having 
at one end the oontinent of Australia^ at the other the island of 
Madagascar and the southern termination of the continent of 
Africa. 

In these and suchlike regions of the immense ocean the 
materials for the hurricane are piled up. Here, from day to 
day, the lower atmosphere is gradually heated by the direct rays 
of the son dm*ing the day, by irradiation from the sea during 
the night. As in Australia the quivering of the air over the 
liot dried ground precedes the eddy, and in Africa the mirage 
foreshadows the simoom, so the close stifling atmosphere in 
the West Indies foretells the hurricane. The hurricane is the 
breaking up of a continuance of warm weather, which at the 
latter end has been exceedingly sultry. This fact of itself is 
sufficient proof that the air next the surface does not gradually 
iiBe as it is heated; if so, the temperature would be compara- 
tively equable, and no such accumulation of heat could take 
place* Whilst on this part of the subject, I may mention that 
. the temperature of the atmosphere has not been sufficiently con- 
sidered in treating of hurricanes. In every account of a cyclone 
we find minute readings of the barometer, whilst the ther- 
mometer is almost neglected. Now^ although the barometer is 
izLvaluble to the mariner for indicating the approach of a hurri- 
cane, yet the latter is the effect of elements whose quiescent 
eaistence is shown by the thermometer; and it is for the in- 
terest of science that greater attention should be paid to it in 
those regions where cyclones originate, to do away with our 
present defective information on the subject. 

It is a well known feature of cyclones, that they rotate in 
opposite directions in the two hemispheres. In the northern 
this direction is E., N., W., S., whilst in the southern it is 
E,, S*, W*, N., or contrary to the apparent course of the sun. 
It is this constancy in the method of their rotation that enables 
the skilful mariner to calculate his safest course when he en- 
countera a whirlstorm. I have seen no attempt to account for 
tbia c(»ifttant element in the action of cyclones, excepting on 
electncal grounds; but as we know that the Australian eddies 
lotate inherently in either direction, we must find some solu- 
tion applying only to the larger meteors. 

At the commencement of a cyclone^ when an opening is 
forced through the overlying atmosphere, the heated strata, ex- 
tending ov^ a large area, rush towards the focus from all sides, 
and those currents of air are turned out of their direct course 
by tbe ifitien oE the eaarth^s rotation in the same manner as the 
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trade-winds are affected. Thus, suppose the cyclone A origi- 
nates a few degrees south of the equator, and B and C are 
currents of air moving towards it in opposite directions. The 
course of the current B is from south to north ; but inasmuch 
as the parallels of the earth^s surface, over which it moves, in- 
crease in velocity as it approaches the equator, and it does not 
acquire this accelerated motion, it lags behind, and assumes a 
direction west of the point towards which it is moving. 

The current C, on the contrary, is coming from regions 
having a greater velocity than those at which it is constantly- 
arriving, so that it acquires an impetus towards the east ; and 
this impulse is sufficient to determine the direction of the rota- 
tion of the storm, which would otherwise be liable to take either 
course indifferently. In the northern hemisphere it is evident 
that the rotation of the earth has an opposite effect upon the 
meteor. 

As the cyclones progress towards the poles, they rapidly in- 
crease in diameter and decrease in violence. Thus, when a 
hurricane is met with within the tropics, its diameter will not 
exceed 300 miles ; when it has reached the 50th parallel, it will 
extend over 1500 miles. It is not only the ascending column 
of air that acquires the rotatory motion, but the whole of the 
air moving towards it must partake of it, and thus the dilatation 
of the whirl increases as long as the cyclone lasts. It is pro- 
bable that, compared with the extent of the whirlstorm, the 
ascending column is of very small diameter. 

Concerning the recurving of the cyclones somewhere about 
latitude 30° in- both hemispheres, I will only remark that I do 
not consider it to be an inherent feature of a whirlstorm, but 
rather to be impressed upon it by the line of land forming the 
boundary of the cyclone region. And this opinion is borne 
out by the fact, that the cyclones on the eastern coast of Australia 
recurve towards the west, following the line of coast. 
* The electrical commotion and the heavy showers of rain and 
hail accompanying a cyclone may be briefly glanced at. During 
the heating of the lower strata of the atmosphere, and consequent 
evaporation over the surface of the ocean, the vapoUr so gene- 
rated will be partly diffused throughout the heated strata, and 
will partly be formed into clouds on their higher limits. When 
the cyclone bursts forth and the air rushes upwards, the vapour 
at the outer edges of the vortex, where it comes into contact 
with the colder atmosphere, will be precipitated in rain ; other 
portions will be carried so high into the upper regions of ihe 
atmosphere that they will not only be condensed, but congealed, 
and fall in showers of hail. The vapour carried from the surfittce 
of the ocean must be highly charged with electricity, which, aar 



Digitized 



by Google 



Bioffrq>lw:al Notim of the hie Richard Tayloi*, F.Z/.S. 58 

tlfie vapour becomes condensed, will be discharged in lightning; 
BO thAt.the electrical commotion always observed during the 
action of a cyclone is the effect, and not the cause, of the atmo- 
spkerical ;cpinmbtion. 

It ;Qaay be objected to the theory I have advanced, that severe 
rotatory gales are experienced in Great Britain in the depth of 
winter. These storms have, however, originated in warmer lati- 
tudes, and seem to follow down the course of the great Gulf- 
stream, the warmth of which is brought into greater contrast at 
that season with the surrounding regions. It must also be 
borne in mind, that although the air may be very slightly vola- 
tilized, so as to be utterly inadequate to originate a cyclone, yet 
it may be quite sufficient to sustain one in action. 

Til.— Biographical Notice of the Zfl/e Richard Taylor, F.L.Si&c. 

IT is this month our painful duty to record the death of Mr. 
Richard Taylor, who for a period of thirty-eight years has 
assisted in conducting this Journal, having become joint editor 
with Dr. Tilloch, the founder of the ' Philosophical Magazine,' 
in the year 1822« On a future occasion we shall endeavour to 
do more ample justice to his memory, but we cannot refrain from 
taking the earliest opportunity of giving a slight outline of his 
long, active, and useful career. In so doing we pay, however 
imperfectly, the tribute which is due to one of our most re- 
spected fellow-citizens, who nobly sustained the credit of the 
profession to which his abilities were devoted, and deservedly 
acquired the friendship, esteem, and confidence of the large circle 
of eminent men with whom it brought him into constant and 
familiar intercourse. 

Richard Taylor was born on the 18th of May, 1781, at Nor- 
wich. He was the second son (of a family of seven) of John 
Taylor, wool-comber, and Susan Cooke, and great-grandson of 
Dr. John Taylor, the author of the celebrated ^ Hebrew Con- 
cordaalce.^ His education was received at a day-school in Nor- 
wich, kept by the Rev. John Houghton, whom he describes as 
an excellent grammarian and a severe disciplinarian. Under 
this able tutor and his son, he made early and considerable pro- 
gress in classical learning, and also acquired some knowledge of 
chemistry and other branches of natural philosophy. It seems to 
have been the wish of the master that his pupil should proceed to 
the High School of Glasgow (where he had himself received his 
education), and there qualify himself for the ministry ; but othei: 
counsels prevailed, and, principally at the suggestion of Sir 
James Edward Smith, the founder of the Linnsean Society, and 
a very ultimate friend of his parents, he was induced to adopt 
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the profession of a printer — a profession to which he became 
ardently attached. On Sir James Smith's recommendation^ he 
was apprenticed to Mr. Davis of Chancery Lane^ London, a 
printer of eminence, from whose press issued many scien- 
tific works of importance. During this period of his life, his 
leisure hours seem to have been employed in the study not only 
of the classics, but also of the mediaeval Latin and Italian authors^ 
especially the poets, of whose writings he formed a curions 
collection. From these, his " old dumps '' as he was wont to 
call them, he derived great pleasure to the last moments of his life. 
He also became a proficient scholar in French, Flemish, Anglo- 
Saxon and several of the kindred Teutonic dialects, — a proficiency 
which afterwards proved of eminent utility in his professional 
career, by far the greater number of the Anglo-Saxon works, and 
works connected with that branch of literature, published in 
•London- during the last forty years, having issued from his press. 
On the expiration of his apprenticeship, he carried on business 
for a short time in Chancery Lane, in partnership with a Mr. 
Wilks ; but on his birthday in the year 1803, at the age [of 
twenty-two, he established himself, in partnership with his 
father, in Blackhorse Court, Fleet Street, from whence he soou 
after removed to Shoe Lane, and subsequently to Red Lion 
Court. His press speedily became the medium through which 
nearly all the more important works in scientific natural history 
were ushered into the world ; and the careful accuracy by whien 
all its productions were distinguished led to a rapid extension of 
its use. It was immediately adopted by the Linnsean Society \ 
the Royal Society and many other learned bodies succeeded ; 
individual members naturally followed the example of the 
Societies to which they belonged ; and the same valuable quaUties 
which had rendered it so acceptable to men of science were 
equally appreciated by those engaged in other pursuits. The 
beautiful editions of the Classics which proceeded from it, soon 
rendered his favourite device (the lamp receiving oil, with its 
motto of ^^ Alere flammam ^^) as familiar to all who had received a 
classical education in England as it had been from the beginning 
to the wpdd of science. It would be tedious to enumerate even 
the more important of these works; but there is one in all 
respects so remarkable as to deserve especial mention. This is 
the facsimile of the Psalms from the Codex Alexandrinus, edited 
by the Rev. H. H. Baber, "at whose chambers in the British 
Museum,'' says Mr. Taylor in his Diary, under date of the 11th 
Nov. 1811, " I have collated the proofs of the first and second 
fiheets with the Codex letter by letter, and I intend, if possible, 
to do the same for all the rest." A more striking proof could 
not be adduced of his strict attention to the accuracy of his 
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^rds^ and of his persevering devotion even to the minutest 
duties of his profession. 

In the year 1807 he heeame a Fellow of the Linnsean Society, 
sni at the anniversary of 1810 he was elected Under-Secretary, 
an ofiSce which he retained for nearly half a century, and in 
which he earned for himself the cordial esteem and good-will of 
every member of the Society. In his Diary, under date of 
the anniversary of 1849, he notes that he had "served with 
M'^Leay, Bicheno, Dr. Boott, and Mr. Bennett, under the suc- 
cessive presidencies of the founder Sir J. E. Smith (the intimate 
and dear friend of my parents and my warm friend), of the 
Earl of Derby, the Duke of Somerset, and my excellent friend 
Dr. Stanley, Bishop of Norwich .^^ To the names of the Presi- 
dents he might subsequently have added those of Mr. Brown 
and Mr. Bell ; and he must have felt, though he was too' modest 
himself to note it down, how highly he was esteemed by them 
all for his strict sense of honour, the amiability of his disposi- 
tion, and his entire devotion to the interests of the Society. 

Among the numerous other learned bodies of which he was a 
member, the Society of Antiquaries, the Astronomical Society, 
and the Philological were those in which he took the deepest 
interest. He also attached himself from its commencement to 
the British Association for the Advancement of Science, nearly 
all the meetings of which, while his health permitted, he regu- 
larly attended. At these pleasant gatherings of the scientific 
world, in the society of his numerous friends and of those whose 
names were most distinguished in science, many of the happiest 
days of his life were passed. 

In 1822, as already stated, he joined Dr. Tilloch as editor of 
the * Philosophical Magazine,' with which Dr. Thomson's 
'Annals of Philosophy' were subsequently incorporated. In 
1838 he established the 'Annals of Natural History,' and 
united with it, in 1841, Loudon and Charlesworth's ' Maga- 
zine of Natural History.' He subsequently (at the sugges- 
tion and with the assistance of some of the most eminent 
Qiembers of the British Association) issued several volumes of 
a work intended especially to contain papers of a high order 
of merit, chiefly translated, under the title of ' Taylor's Scientific 
Memoirs.' But his own principal literary labours were in the 
field of biblical and philological research. In 1829 he prepared 
a new edition of Home Tooke's ' Diversions of Purley,' which he 
enriched with many valuable notes, and which he re-edited in 
1840. In the same year (1840), Warton's ' History of English 
Poetry' having been placed in his hands by Mr. Tegg, the pub- 
lisher, he contributed largely, in conjunction with his friends 
Sir F. Madden, Benjamin Thorpe, J. M. Kemble, and others, 
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to improve the valuable edition published in 1824 by the late 
Mr. Richard Price. 

For many years he represented the ward of Farringdon 
Without (in which his business premises were situated), in the 
Common Council of the City of London, and constantly paid 
strict attention to his representative duties. Of all the objects 
which came under his cognizance in this capacity there were 
none which interested him more deeply than questions con- 
nected with education. He took an active part in the foundation 
of the City of London School, and warmly promoted the esta-* 
blishment of University College and of the Univeraity of Lon- 
don. His politics were decidedly liberal; but his extended 
intercourse with the world, and the natural benevolence of his 
character, inclined him to listen with the most complete tolerance 
to the opinions of those who differed from him ; and he reckoned 
among his attached friends many whose political opinions were 
strongly opposed to his own. 

Early in the summer of 1852 his health gave way, and he 
found it necessary to withdraw from the excitement of active 
life. He settled down at Eichmond, and once more gave him- 
self up to Ovid, Virgil, and his old friends Paulus Manutius, 
Justus Lipsius, Ochinus, Fracastorius, &c. Increasing years 
brought increasing feebleness ; and the severe weather of No- 
vember last brought on an attack of bronchitis, of which he 
died suddenly on the 1st of December, in the seventy-eighth 
year of his age. — J. J. B. 



VIII. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

[Continued from vol. xvi. p. 542.] 

June 10, 1858. — ^The Lord Wrottesley, President, in the Chair. 

THE following communications were read : — 
" On the formation of Continuous Tabular Masses of Stony 
Lava on steep slopes ; with Remarks on the Mode of Origin of 
Mount Etna, and the Theory of * Craters of Elevation.' " By Sip 
Charles Lyell, F.R.S. &c. 

The question whether lava can consolidate on a steep slope, so as 
to form strata of stony and compact rock, inclined at angles of from 
10^ to more than 30 , has of late years acquired considerable im^ 
portance, because geologists of high authority have affirmed that 
lavas which congeal on a declivity exceeding 5 or 6° are never con^ 
tinuous and solid, but are entirely composed of scoriaceous and frag- 
mentary materials. From the law thus supposed to govern the con- 
solidation of melted matter of volcanic origin, it has been logically 
inferred that all great volcanic mountains owe their conical form prin- 
cipally to upheaval or to a force acting from below and exerting an 
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upward and outward pressure on beds origmally horizontal or nearly- 
horizontal. For in all such mountains there are found to exist some 
gtonj layers dipping at 10°, 15°, 25°, or even higher angles; and 
according to the assumed law, such an inclined position of the beds 
must have been acquired subsequently to their origin. 

After giving a brief sketch of the controversy respecting *' Craters 
of Elevation," the author describes the results of his recent visit 
(October, 1857) to Mount Etna, in company with ^gnor Gaetano 
G. Gemmellaro, and his discovery there of modern lavas, some of 
known date, which have formed continuous beds of compact stone 
t>n slopes of 15°, 36°, 38°, and, in the case of the lava of 1852, more 
than 40°. The thickness of these tabular layers varies from 1^ foot 
to 26 feet ; and their planes of stratification are parallel to those of 
the overlying and underlying scorise which form part of the same 
currents. The most striking examples of this phenomenon were 
met with — 1st, at Aci Reale ; 2ndly, in the ravine called the Cava 
Grande near Milo, where a section of the lava of 1689 is obtained; 
3rdly, in the precipice at the head of the Val di Calanna, in the lava 
of 1852-53; and 4thly, at a great height above the sea near the 
base of the Montagnuola. 

Sir C. Lyell then alludes to the extraordinary changes which had 
taken place in the scenery of the Valley of Calanna and the Val del 
Bove since his former visit to Mount Etna in 1828 — changes effected 
by the eruption of 1852-53, one of the greatest recorded in history. 
A brief account is given, extracted from contemporary narratives and 
illustrated by a map, compiled with the assistance of Dr. Giuseppe 
Gemmellaro, of the course taken in 1852-53 by various streams of 
lava, some of them six miles in length, flowing during nine succes- 
sive months from the head of the Val del Bove to the suburbs of 
Zafarana and Milo. The present aspect of this lava-field, parts of 
it still hot and emitting vapour, and the numerous longitudinal ridges 
and furrows on its surface are described. As to the origin of these 
superficial inequalities, the author inquires whether they may be due 
to the flowing of lava in subterranean tunnels, or whether they be 
anticlinal and synclinal folds caused by fresh streams pouring over 
preceding and half-consolidated ones, so that these last may be bent 
l^nd crumpled by the newly superimposed weight, like soft yielding 
ground on which a railway embankment has been made. The cas- 
cade of the lava of 1852, descending a precipitous declivity 500 feet 
tigh, called the Salto della Giumenta, and the stony character of the 
layers which encrust the steep slope at angles of more than 35° and 
even 45°, are commented upon. This lava has overflowed that 
of 1819, which congealed on the same precipice; audit is shown that 
in such cases the junction-lines separating two successive currents 
must be obhterated, the bottom scoriae of the newer dovetailing 
into the upper scorise of the older current. 

The structure of the nucleus of Etna, as exhibited in sections in 
the Val del Bove, is next treated of, and the doctrine of a double 
axis is deduced from the varying dip of the beds. The strata of 
^rachyt^ and trachytic agglomerate in the Sena Giannicola seen at 



Digitized 



by Google 



89 Royal SoMeif f^ 

the base of the lofty precipice at the head of the Yal del Bote am itn 
clined at angles of 2(r to 30^ N.W., t. e. towards the present central 
axis of eruption. Other strata to the east^rards (as in the hill of Zoo* 
colaro) dip in an opposite direction, or S.E., while, in a great part of 
the north and south escarpments of the Yal del Bore, the beds dip 
N.E. or N., and S.E. or S. respectively. There is, therefore, aqua- 
qud.Tersal dip away from some point situated in the centre of the area 
called the I^ano di Trifoglietto. Here a permanent axis of eruption 
may have existed for ages in the earlier history of Etna, for which 
the name of the axis of Trifoglietto is proposed, while the modem 
centre of eruption, that now in activity, may be called the axis of 
Mongibello. The two axes, which are three miles distant the one 
from the other, are illustrated by an ideal section through the whole 
of Etna, passing from west to east through the Val del Bove, or from 
Bronte to Zafarana. Touching the relative age of the two cones, it 
is suggested that a portion only of that of Mongibello may be newer 
than the cone of Trifoglietto. The latter, when it became dormant, 
was entirely overwhelmed and buried under the upper and more 
modem lavas of the greater cone. This doctrine of two centres* 
originally hinted at by the late Mario Gemmellaro, had been worked 
out (unknown to Sir C. Lyell at the time of his visit) by Baron Sar- 
torius V. Waltershausen, and has been since supported in the fifth 
and sixth parts of his great work called *• The Atlas of Etna " both 
by arguments founded on the quaquaversal dip of the beds as above 
explained, and by the convergence of a certain class of greenstone 
dikes towards the axis of Trifoglietto. Von Waltershausen has also 
shown that the superior lavas and volcanic formations crowning the 
jprecipices at the head of the Val del Bove, from the Serra Giannicola 
to the Rocca del Corvo, inclusive, are unconformable to the highly in- 
clined beds in the lower half of the same precipice, the superior beds 
being horizontal, or, when inclined, dipping in such directions as would 
imply that they slope away from the higher parts of Mongibello. 

According to Sir C. Lyell, the alleged discontinuity between the 
older and modern products of Etna is, in trath, only partial, and 
almost confined to that fiank of the mountain, where its physical geo^ 
graphy has been altered by three causes: 1st, the interference of the 
two foci of emption (Trifoglietto and Mongibello) ; 2ndly, the trun- 
cation of the cone of Mongibello ; and 3rdly, the formation of the 
Val del Bove. The trancation of the mountain here alluded to is 
proved by the remains of the upper portion of a cone, traceable at 
intervals around the borders of an elevated platform between 9000 
and 10,000 feet high. These remains bear the same relation to the 
highest and active cone, nearly in the centre of the platform^ which 
Somma bears to Vesuvius. The manner in which the north and 
south escarpments of the Val del Bove diminish in altitude as they 
trend eastward from the high platform, is appealed to as showing 
that the great lateral valley had no existence till after the time when 
Mongibello had attained its fullest development and height. 

The double axis of Etna is then compared to the twofold axis of 
the island of Madeira, as inferred from observations made m .1854 
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hf M; HMttiiig and the aul^or. In that ishmd the nrincifial chidn 
ox Tdlcanic yents^ running east and west» and 30 miles long, attains at 
Goe point a height of 6000 feet. Parallel to it, at the distance of 
two miles, a shorter and lower, secondary chain once existed, but 
was afterwards oversowed and buried to a great depth by laTas 
issuing from the higher and dominant chain. The space between 
the two axes, like the space which separated the two cones of £tna> 
has been filled up with laras in part horizontal. On the north side 
of Madeira, as probably on the west side of Etna, where no seoond"* 
«y centre of eruption interfered with the slope of the volcanic for- 
mations, and where the order of their succession and superposition 
ifl uninterrupted, there occur, both in Madeira and Etna, deep era* 
teriform valleys (the Curral and the Yal del Bove) intersecting the 
products of the two axes of eruption. 

In concluding this part of his memoir. Sir C. Lyell obsenres, that 
the admission of a double axis, as explamed by him, is irreconcile- 
able with the hypothesis of ^'craters of elevation;'' for it implies that. 
In the cone^making process, the force of upheaval merely plays a 
aabordinate part. One cone of eruption, he says, may envelope and 
bury an adjoining cone of eruption ; but it is obviously impossible 
that one cone of upheaval should mantle round and overwhelm 
another cone of upheaval. 

An attempt is then made to estimate the proportional amount of 
indination which may be due to upheaval in those parts of the 
eentral nucleus of Etna where the dip is too great to be ascribed 
exclusively to the original steepness of the flanks of the cone. The 
highest dip seen by the author was in the rock of Musarra, where 
Home of the strata, consisting of scoriae with a few intercalated 
lavas, are inclined at 47°. Some masses of agglomerate and beds of 
lava in the Serra del Solflzio were also seen inclined at angles 
exceeding 40°. Some of these instances are believed to be except- 
tional and due to local disturbance ; others may have an intimate 
connexion with the abundance of fissures, often of great width, 
filled with lava, for sueh dikes are much more frequent near the 
original centres of eruption than at points remote from them. 
The injection of so much liquid matter into countless rents may 
imply the gradual tumefaction and distension of the volcanic massi 
and may have been attended by the tilting of the beds, causing them 
to slope away at steeper angles than before, from the axis of erup- 
tion. Bat instead of ascribing to this mechanical force, as many 
have done, nearly all, or about four-fifths of the whole dip. Sir C. 
LyeU eonnders that about one-fifth may, with more probability, be 
assigned as the effect of such movements. 

The alleged parallelism and uniformity of thickness in the voloanie 
beds oi the Yal del Bove, when traced over vnde areas, is next eon«» 
sidered, and the author remarks that neither in the northern nor 
southern escarpments of the great valley, could he and his compa- 
nion verify the existence of such parallelism. Examples of a marked 
deviation from it are given, both in cUffs seen from a distance, and 
in oth^a wladh were dosely inspected, even in cases where these kst» 
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when viewed from far ofif, appeared tp CQjitaw . reguli^r a»d, p^plM 
strata. . ' " 

The direction and position of the dikes in the Val del Bove is then 
spoken of, hoth in reference to the two ancient oentres of eruption, 
and to the question of the altered incHnation of the intersected bedsu 
In regard to the arrangement also of the lateral cones of eruption, 
the question is entertained, whether they are disposed in linear zonee^ 
or are in some degree independent of the great centre of Mongi* 
hello. 

The origin of the Yal del Bove has beeo, variously ascribed to 
engulfment, explosion, and aqueous erosion. Admitting the probable 
influence of the two first causes, the author calls attention to the 
positive evidence in favour of aqueous denudation afforded by the 
accumulation of alluvium in the low country at the eastern base of 
Etna between the Yal del Bove and the sea. This rudely stratified 
deposit, 150 feet thick and several miles in length and breadth, con- 
tains at Giarre, Mangano, Eiposto and other places, fragments, boti;i 
rounded and angular, of all the rocks, ancient and modern, occurring 
in the escarpments of the Yal del Bove, and it imphes the con- 
tinuance there for ages of powerful aqueous erosion. The alluvium 
of Giarre is therefore supposed to bear the same relation to the Yal 
del Bove that the conglomerate of the Barranco de las Angustias 
bears to the Caldera of Palma in the Canaries ; and those two crater- 
like valleys, as well as the Curral of Madeira, are believed to have 
been shaped out in great part by running water. But to render this 
possible, the suspension, for a long period, of the outpouring of lava 
on the eastern flank of Etna must be assumed. 

The author fully coincides in the generally received opinion that 
the accessible parts of Etna are of subaerial origin, and refers to some 
fossil leaves presented to him by MM. Gravina and Tornabene, of 
Catania, as well as to others* collected by himself in situ, from the 
volcanic tuffs of Fasano and Licatia, which have been determined by 
Prof. Heer to belong to terrestrial plants, of the genera Myrtle, 
Laurel, and Pistachio, now living in Sicily. These tuffs, together with 
the general mass of Etna, repose on marine strata of the newer Pli* 
ocene period, in which 150 species of shells, nearly nine-tenths of 
them identical with species now existing in the Mediterranean, have 
been found. A very modern marine breccia, with shells of living 
species extending to the height of thirty feet on the coast along the 
eastern base of Etna, was pointed out to the author by Signor G. 
G. Gemmellaro near Trezza, and in the Island of the Cyclops. The 
same formation has been traced together with lithodomous perfora^ 
tions by Dr. Carlo Gemmellaro and Baron v. Waltershausen along 
the sea-shore as far north as Taormina, beyond the volcanic region 
of Etna. From these and other data enlarged upon in the memoir^ 
Sir C. Lyell concludes, first, that a very high antiquity must be 
assigned to the successive eruptions of Etna, each phase of its vol*- 
canic energy, as well as the excavation of the Yal del Bove, having 
occupied a lapse of ages compared to which the historical period is 
brief and insignificant i and secondly, that the growth of the whole 
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Mbtnitmu'limiit nevertheless be referred, geologically, to the more 
modern part of the latest Tertiary epoch. 

'**On some Tbermo-dynamic Properties of Solids." By J. P. 
Jcnde, LL.D., F.R.S. &c. 

A rS8wn4 of the greater part of this paper has already appeared 
in the * Proceedings ' for January 29, June 18, and November 26, 
1857. The author has since examined the expansion by heat of 
wood cut across the grain, which, as well as that cut in the direction 
of the fibre, he finds to be increased by tension and decreased by 
mo^ure. When a sufficient quantity of water has been absorbed 
the expansibihty by heat ceases, and wood is contracted in each di- 
rection by rise of temperature. Nevertheless, when wood, saturated 
with water, is weighed in water of different temperatures, the result 
shows cubical expansion of the substance of the wood by heat. The 
infer^ce drawn by the author from these facts is, that the contraction 
of the dimensions of wet wood is owing to the action of heat in di- 
ttinifihing the force of capillary attraction, and that thus the walls of 
the minute cells and tubes of the woody structure are partially re- 
lieved from a force which thrusts them asunder, a small quantity of 
water exuding at the same time. In the case of wet wood which 
eontracts by heat, he finds, in accordance with Professor Thomson's 
formula, that a rise of temperature is produced by the application of 
tension. In conformity with the deductions of the same philosopher, 
the author has also been able to detect experimentally the minute 
quantity of heat absorbed, in bending or twisting an elastic spring, 
arising from the diminution of the elastic force of metals with a rise 
of temperature. 

"On the Thermal Effect of drawing out a Film of Liquid." By 
Professor William Thomson, F.R.S. 

A. very novel application of Camot's cycle has just occurred to 

me in consequence of looking this morning into Waterston's paper 

on Capillary Attraction, in the January Number of the Philosophical 

Magazine. Let T be the contractile force of the surface (by which 

in fir. Thomas Young's theory the resultant effect of cohesion on 

a liquid mass of varying form is represented), so that, if n be the 

atmospheric pressure, the pressure of air within a bubble of the 

4T 
liquid of radius r, shall be — +11. Then if a bubble be blown 
• r 

from the end of a tube (as in blowing soap-bubbles), the work spent, 

per unit of augmentation of the area of one side of the film, will be 

equal to 2T. 

Now since liquids stand to different heights in capillary tubes at 

different temperatures, and generally to less heights at the higher 

temperatures, T must vary, ancT in general decrease, as the tempe- 

iftture rbes, for one and the same liquid. If T and T' denote the 

Talues of the capillary tension at temperatures t and t' of our abso- 

lut}& aealei we shall have 2(T— T') of mechanical work gained, in 

jiUowing a bubble on the end of a tube to eollapse eo as to lose a 
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unit of area at the temperature t and blowing it up agaiti to its 
original dimensions after naving raised its temperature to r« lit^-^-^t 
be infinitely small, and be denoted by C, the gain of work may be 
expressed by 

and by using Camot's principle as modified for the Dynamical 
TheoiT, in the usual manner, we find that there must be an absorp- 
tion of heat at the high temperature, and an evolution of heat at the 
low temperature ; amounting to quantities diifering from one an- 
other by 

1 -2dT ^ 

and eaeh infinitely nearly equal to the mechanieal equivalent of this 
difference, divided by Camot's function, which is -t if the tempera- 
ture is measured on our absolute scale. Hence if a film such as a 
soap-bubble be enlarged, its area being augmented in the ratio of 
1 to f»j it experiences a cooling effect, to an amount calculable by 
finding the lowering of temperature produced by removing a quan- 
tity of beat equal to 

t — ffT 

from an equal mass of liquid unchanged in form. 



For water T=2'96 gr. per lineal inch. 

Work per square inch spent in drawing out a film =5*92, say 

6 grains, _— — T, or thereabouts. 

Suppose j^ 1390x12 * *^^^ *'^® quantity of heat to be removed, 
to produce the cooling effect, per square inch of surface of augmen- 
tation of film will be ttAtt* Suppose, then, 1 grain of water to be 
drawn out to a film of 1 6 square inches, the cooling effect will be 
^-fj^ of a degree Centigrade, or about ■^. The work spent 
in drawing it out is 16x6=96 grains and is equivalent to a 

96 1 

heating effect of ___—==—. Hence the total energy (reck- 
oned in heat) of the matter is increased ytt + -g^ of a degree Cen- 
tigrade, when it is drawn out to 16 square mches. 

^* On the Logocyclic Curve, and the geometrical origin of Loga- 
rithmB." By the Rev. J. Booth, LL.D,, F.R.S. 

June 17. — ^The Lord Wrottesley, President, in the Chair. 

The following communications were read : — 
" Description of some Remams of a Gigantic Land-Lizard (Meffa- 
luniapmea, Ow.) from AuatnOiA.'' By Prof. BiehaidOw<»»F.B.S. 
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. j"Qoii4iributipns towards the History of the Diamidesj Cyanate 
and Sidphocyanide of Phenyle." By A. W. Hofmann, Ph.D., 

About ten years* ago, when engaged in the study of aniKne, I 
discovered two beautiful crystalline compounds, carbanilide and 
sulphocarbanilide, which can be produced by a variety of processes. 
The former is best prepared by the action of phosgene-gas on ani- 
line, while the latter is most readily and most abundant^ procured 
by the action of bisulphide of carbon on aniline. The composition 
and the constitution of these bodies is indicated by the formulse — 

Carbanilide C„ H„ N, 0,=(C., H.), ^ N., 

SulphocarbaniUde .. C,,HuN,Sj=(C„H,X >-N,. 

H, J 

They may be viewed as derived from two molecules of ammonia 
(diammonia) in which two equivalents of hydrogen are replaced by 
two molecules of phenyle, and two other equivalents by the biatomic 
molecules Cg O^ and C^ S^. 

The two substances in question, as far as their formulee are in- 
volved, obviously correspond to urea and sulphocyanide of am^ 
moniiim : — 

Urea. C,H^N,0,= H, }■ N^ 

H. J 
(C,S,)"] 

Sulphocyanide of ammoniam . . C, H^ N, S, = H, v N,. 

H, J 

In their formation likewise a certain analogy with urea and sul- 
phocyanide of ammonium may be recognized ; for recent experiments 
have proved that urea is actually produced by the action of phosgene- 
gas on ammonia, while the formation of sulphocyanide of ammonium 
by means of ammonia and bisulphide of carbon is a long established 
feet. The analogy, however, seems to disappear altogether, if the 
^emical nature of the four bodies be compared, for whUe urea 
exhibits the deportment of a base, and the saHne character of 
sulphocyanide of ammonium is so well defined, carbanilide and suU 
phocarbanilide are apparently perfectly indifferent substances. 

Nevertheless, on considering the difference of the chemical pro- 
perties of urea and sulphocyanide of ammonium, and on recoUectii^ 
that the saline constitution of urea is much more hidden than that 
of sulphocyanide of ammonium, it appeared worth while to try 
whether the action of powerful agents would not reveal a simDar, 
if I may use the term, saline construction in carbanilide and su}pho<( 
carbanilide. Experiment has realized this anticipation. 

* J<mni«l of ib» CbenuM $«^t|, yoL lu 36. 
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In the conception of the aheve view,' I ha^veaidea;roQre4 tCKsplit 
the two bodies in question according to the equations — 



and 



Carbanilide, Phetiylamine. Cyanate of 

Diphenyle-carbamide. phenyle. 



Salphocarbanilide, Phenylamine Sttlphocyimide 
Diphenyle-sulphocarbamide. of phenyle. 

suggested by analogous changes of urea and sulphocyanide of 
ammonium : — 

C,H,N,0,=H3N-f-C,HN0,. 



Urea. Cyanic acid. 

C,H,N,S,=H3N+C,HNS, 



Sulphocyanide Hydrosulphocyanic 

of ammonium. acid. 

These reactions succeed without much difficulty. On submitting 
carbanilide and sulphocarbanilide to the action of agents capable of 
fixing aniline (anhydrous phosphoric acid, chloride of zinc, and even 
hydrochloric acid gas), the former yields cyanate of 'phenyle^ a sub- 
stance which I discovered many years ago among the products of 
decomposition of oxamelanile*, while the latter furnishes a remark- 
able body, sulphocyanide of phenyle, which had not been previously 
obtained. 

The general features of cyanate of phenyle having been delineated 
in a former memoir, I have for the present been chiefly engaged with 
the examination of sulphocyanide of phenyle. This body, which is 
readily obtained in a state of absolute purity by rectification over 
anhydrous phosphoric acid, is a colourless transparent Hquid of 
ri35 density at 15°* 5, and of a perfectly constant boiling-point at 
222° C. under a pressure of 0™*762. The odour is aromatic and 
pungent; it distantly resembles that of mustard; the body in 
question is in fact the mustard oil of the phenyle-series. 

Mustard oil, sulphocyanide of allyle C^ H^N S^sC^ H^, C^NS^. 

Sulphocyanide of phenyle C^^ Hg N 83=012 Hg, C^ N S^* 

Sulphocyanide of phenyle may be distilled with water, and even 
with hydrochloric acid, without undergoing any change. The al- 
kalies, on the other hand, decompose it. Boiled with an alcoholic 
solution of potassa, it is first converted into sulphocarbanilide, and 
ultimately into carbanilide. 

* Journal of ^e Chemical Society, voL ii* 313. 
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2C,,H.NS,+4KO + 2HO=2KS+K,C,0,+C,.H„N,8,. 

Sttlphocyanide Sulphocarbanilide. 

of phenyle. 

2C„H,NS,+6KO+2HO=4KS+K,C,0,+C„H,,N,0, 

Sulphocyanide Carbanilide. 

of phenyle. 

When gently warmed with phenylamine, sulphocyanide of phenyle 
is instantaneously converted into sulphocarbanilide, — 

Salphocyanide Phenyl- Sulphocarb- 

of phenyle. amine. anihde. 

A similar reaction takes place with ammonia. An alcoholic 
solution of ammonia, when gently warmed with sulphocyanide of 
phenyle, readily solidifies into a crystalline compound, which may be 
obtained in beautiful needles by crystallization from boiling water. 

The new body is formed £ft;cording to the equation 

C„H,NS,+H,N=C.,H,N,S, 



Sulphocyanide Sulphophenyl- 

of phenyle. carbamide. 

This substance is the thiosinamine of the phenyle-series ; like the 
latter, it possesses the characters of a weak base. I have not been 
able to obtain saline compounds with hydrochloric and sulphuric 
acids. It forms, however, compounds with nitrate of silver and 
bichloride of platinum. The latter has the us^l composition, 
viz. — 

CuHsN.S^HClPtCl,. 

Boiled with nitrate of silver, the new compound loses its sulphur, 
which is replaced by oxygen, phenylcarbamide, C^^ H3 Ng Og, being 
produced, a substance which I described many years ago. Sulpho- 
cyanide of phenyle is acted upon by a great number of ammonias, 
with formation of bodies the composition of which is sufficiently 
pointed out by theory. 

The mode of producing cyanate and sulphocyanide of phenyle, 
which I have described in the preceding paragraphs, deserves some 
notice, since the usual processes suggested by the experience in the 
methyle-, ethyle- and amyle-series, such as distillation of sulpho- 
phenylates with cyanates and sulphocyanides, have altogether failed 
in producing the desired result. The same reaction may be of 

Phil. Mag. S. 4. Vol. 17. No. 111. Jan. 1859. ^ F 
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course applied to tolylamine, cumylamine, napbthylanaine, ^nd all 
primary monamines. 

"Action of Bibromide of Ethylene upon Aniline.'* By A. W. 
Hofmann, Ph.D., F.R.S. 

While engaged in some experiments on the action of bibromide 
of ethylene on ammonia, a short account of which I have lately 
communicated to the Royal Society *, I induced Mr. Henry Bassett, 
then working in my laboratory, to study the deportment of the same 
bromide with aniline, a characteristic representative of the class of 
primary monamines. In the following pages I propose to submit 
to the Society Mr. Bassett's observations, together with the results 
of a series of experiments which I carried out myself after Mr. Bassett 
by circumstances had been prevented from a further continuation of 
the inquiry. 

A mixture of 1 volume of the bibromide of ethylene and 2 volumes 
of aniline, when exposed to the temperature of boiling water for an 
hour or two, solidifies into a crystalline mass of more or less solidity. 
This mass is chiefly hydrobromate of aniline ; it contains, however, 
in addition, three new organic bases, partly free, partly in the form 
of hydrobromates. These substances are formed in very different 
quantities, — a beautiful crystalline body, difficultly soluble in alcohol, 
being invariably the chief product of the reaction, while the two 
other bases, the one solid but extremely soluble in alcohol, the other 
likewise solid but quite insoluble in this liquid, are found to be pre- 
sent in much smaller proportions. 

The preparation, in a state of purity, of the principal product of 
the reaction presents no difficulty. The solid mass obtained by 
digesting bibromide of ethylene and aniline in the stated propor- 
tions is mixed with water, and submitted to distillation, when any 
bibromide left unchanged, together with some unaltered aniline, passes 
over. The residuary liquid is then mixed with a strong solution of 
potassa, which separates all the bases existing as hydrobromates in 
the form of a semi-solid resin. This is washed with water and then 
again submitted to distillation with water, when, together with more 
or less water, an additional quantity of aniline distils. The residuary 
mass, when treated with boiling (methylated) spirit, leaves the in- 
soluble base as a white, flour-hke powder, while the other two bases 
dissolve. On cooling, the solution deposits a beautiful crystallization 
of white needles, while the more soluble base remains dissolved in 
the spirit. The crystals are rather difficultly soluble in alcohol; 
two or three crystallizations from this solvent render them absolutely 
pure. 

Thus obtained, the new base, for which, in accordance with the re- 
sults of analysis, I propose the name ethylene-phenylamine, is a snow- 
white, inodorous and tasteless crystalline compound, of nacreous lustre, 
insoluble in water, soluble in boiling, less so in cold alcohol, soluble 

* Proceedings of the Royi^ Society, vol. ix. page 150. 
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in ether. The solutions are without action on vegetable colours. 
The substance dissolves readily in hydrochloric, sulphuric and nitric 
acidn^ especially on gently heating the liquids, which on cooling de- 
posit wei crystallized saline compounds. The hydrochlorate yields 
yellow precipitates with bichloride of platinum and terchloride of 
gold. When exposed to the action of heat, ethylene-phenylamine 
fuses at 148° C. ; at a temperature approaching 300° it begins to boil 
and to distil, the larger portion undergoing decomposition. Among 
the products of decomposition which are not yet sufficiently exa- 
mined, considerable quantities of aniline make their appearance. The 
results obtained in the analysis of ethylene-phenylamine lead to the 
formula 

as the simplest molecular expression for this compound. 

This formula is confirmed by the analysis of the hydrochlorate 
end of the platinum-salt, the preparation of which, on account of 
their instability, requires some management. 

These salts contain respectively 

Hydrochlorate C^e H^ N, HCl. 

Platinum-salt C^^ H^ N, HCl, PtCl^. 

The reaction which gives rise to ethylene-phenylamine is expressed by 
the following equation :— 

2C,,H,N-fC,H,Br, = C,,H,N,HBr-fC,eH,N,HBr. 

Phenylamiue. Bibromide Hydrobromate Hydrobromate of 
of ethylene. of phenylamine. ethylene-phenylamine. 

What is the constitution of this new base ? This question could not 
be answered without further experiments, on account of the twofold 
nature of bibromide of ethylene. In many cases this remarkable 
compound exhibits the character of the hydrobromic ether of a 
biacid ethylene-alcohol, of (C^HJ^Brg, whilst in the majority of re- 
actions it splits into hydrobromic acid and the bromide C^ Hg Br, 
which might be considered as the hydrobromic ether of a monacid 
alcohol, C^ H^ Oj, homologous to allylic alcohol. It remained there- 
fore uncertain whether the new basic compound retained the origiDal 
molecule (C^ HJ" replacing 2 equivs. of hydrogen, or the modified 
molecule C4 H3 replacing 1 equiv. of hydrogen. In other words, it 
had to be established by further experiments, whether the base was 



'f.!f)..^.i., 
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C.,H, fN=C..H.N. 
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The deportment of the substance with iodide of methylfe MS^ibfi&, 
which immediately will be mentioned fsouie^hat more in detail, has 
decided in favour of the fb/mer view, and in accordance with it the 
name of the substance has been selected. 

It deserves to be noticed, that there are alifeady two ottfcr^lws^s 
known which have exactly the same composition, the one obtahved 
by M.Natanson in the reaction of bichloride of ethylene upon aniiin^, 
and described by him as acetylaniline, the other discovered by M. 
Dusart among the derivatives of nitronaphtalitte and designated \Ba 
phtalidine. It is only necessary superficially to glance at the descrip- 
tion of these bodies in order to see that they are essentially different 
from ethylene-phenylamine. The constitution of acetylaniline and 
phtalidine has not been experimentally fixed. It is probable that 
Natansou's base contains the molecule C^ H3 formerly called acetyte, 
but for which the more appropriate term vinyle has lately been 
proposed, while phtalidine probably derives from the hydrocarbon 
styrole or an isomeric body, so that the diflference in the coilstitiftito 
of the three bodies would be expressed in the following fbrmulse :— — 



Phtalidine 
Styrylamine (?) 

Acetylaniline 
Vinyl-phenylami 



H tN. 
H J 

fC,H3 ] 



Ethylene-phenyl- /(C.HJ"!^ 
amine \ C^^U, J ^ * 

I have already mentioned that the degree of substitution of ethy- 
lene-phenylamine was fixed by the deportment of this base with iodide 
of methyie and ethyle, bibromdde of ethylene exerting no longer any 
influence upon it, even by protracted contact, at temperatures varying 
from 100° to 150° C. 

A mixture of ethylene-phenylamine and iodide of methyle, on tjie 
other hand, when exposed for some hours to the temperature of boil- 
ing water, soHdifies to a resinous mass, floating, togetherwith a portion 
of unchanged base, in the excess of the iodide. Distillation with 
water separates the excess of iodide of methyle ; and washing with cold 
water until the filtrate is no longer precipitated by an alkali removes 
anyhydriodate of ethylene-phenylamine formed during the distillation. 
Lastly, by repeated crystallization of the resinous residue from boil- 
ing water, to which a small quantity of spirit may be added in the 
later stages (separation from ethylene-phenylamine), a perfectly cry- 
stalline, slightly yellowish iodine-compound \& obt^ned^ which may 
be dried without decomposition at 100°. 

On analysis, this iodine-compound was found to have the remark- 
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^IVsedttdfwith oxide of silver^ tbe solution of the iodide yields a power- 
Ifulily I alkaline liqiiid, possessing all the characters of the class Qf 
^bodies of) which hydrated oxide of tetrethylammonium is the typf . 
€>ii adding hydrochloric acid and bichloride of platinum, this liquid 
4uinijBhes a pale yeUow amorphous platmumrsalt containing 

;•■ ■• C3,H,iN,ei,PtCl,*^|«g»g|c,H,Cl,PtCl,. 

A. repetition of this experiment in the ethyle-series has given perfectly 
sppilar results. On account of the less powerful action of iodide of 
.j^thyle, the reaction requires longer digestion. The iodide formed is 
,Jl^ soluble in boiling water than the corresponding methyle-com- 
pound> and therefore more difficult to separate from any ethylene- 
phenylamine which may have remained unchanged. When pure, the 
new iodide is a yellowish white substance crystallizing in needles. 
It fuses in the water-bath without decomposition to a yellow oil, 
which sohdifies on cooling into a brittle crystalline mass. 

On analysis, numbers were obtained corroborating in every respect 
the results furnished by the methyle- series. The iodide contains 



r. TT N 1=^16^9^ In TT T 



Like the methyle-compound, it is readily decomposed by oxide of 
silver; and the powerfully alkaline solution yields, with hydrochloric 
acid and bichloride of platinum, a salt of exactly the same appear- 
ance as the salt of the methyle-series. This platinum-salt was found 
td <JDiitaln 

C,e H,3 N, CI, PtCl,=g|«]^« ^ } C, H, CI, PtCl,. 

The action of iodide of methyle and ethyle upon ethylene-phenyl- 
tmaine, although different from what -might have been anticipated, 
nevertheless appears to fix in an unequivocal manner the state of 
substitution of this base. It is obvious that ethylene-phenylamine no 
longer contains any replaceable hydrogen, and consequently that the 
molecule (C^ H^X"* equivalent to H2 as such, has been assimilated by 
the aniline. 

But how is the composition of the bodies formed by the action of 
iodide of methyle and ethyle to be interpreted ? Arc they simply 
compounds of the alcohol-iodides with 2 equivalents of ethylene-phe- 
nylamine, analogous to the salts produced by the union of 1 equiv. 
iodide of mercury with 2 equivs. of ammonia ? 

Does not the existence of these bodies involve a further consideta- 
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tion of the formula which has been assigned to ethylepe-pb^iMFlftWi|ei 
Does the formula C^^ H^ N actually represent the molecule of i}^, 
body, or is it not more correct to double that expression and to co\i- 
sider the formula Cg^ Hja N^ as a more appropriate representatioq of 
this molecule ? Ethylene-phenylamine would then be darived froi» 2 
equivalents of ammonia, it would be a diamine, and the hydrochlorate 
and the platinum-compounds would appear in the light of diammp- 
nium-compounds. 

Diethylene-diphenyl-diamine /Q*g) (^2* 

SJilN, 

Ha J 

Platinum-salt (^jt Sf' I N, Cl„ 2PtCl,, 



Bichloride. 



Cl,. 






At the first glance it certainly appears strange that a mqlecule 
capable of assimilating 2 equivs. of hydrochloric acid should unite 
only with 1 equiv. of iodide of methyle or ethyle, well established 
members of the hydrochloric type. But this deportment after all is 
not without parallelism. 

The expression 

originally established for quinine by Liebig, supported as it was by 
the analysis of numerous salts of the formida 

C^H,,NO„HX, 

and especially by that of a platinum-compound, 

;: • C,,H,,NO„HCl,PtCl„aq, 

was uniyersally adopted by chemists. 
A few quinine-salts of the formula 

were considered as anomalous, as basic compounds ; and it was not 
until the methyhc and ethylic derivatives of quinine, 

2C,oH,,NO^C,H3l and 

2C,oH,,NO„C,H,I, 

had been discovered that chemists began to consider the formula 

as a more appropriate expression for the molecule of quinine. 

Probably further examination of the salts of ethylene-phenylamine 
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— ^I tl^lthi thU natne for the present — ^will furnish saline compounds 
eorresponding to the methyle- and ethyle-derivatives, showing that 
this base, like quinine, is capable of forming two groups of salts. 

It deserves to be noticed that the diammonic nature of ethylene- 
phenyiamine is also strongly marked by its deportment imder the 
infiUenee of heat ; for while all the monammonic basic derivatives of 
an^ne are volatile without decomposition, ethylene-phenylamine, 
when submitted to distillation, is destroyed with reproduction of 
aniline, like the well-established diamines belonging to this group, 
melaniline, formyl-diphenylamine, &c. 

In describing the preparation of ethylene-phenylamine, it has been 
mentioned that the action of bibromide of ethylene on aniline gives 
rise at the same time to two other basic compounds. These sub- 
stances, which are formed in smaller quantity, differ in a very marked 
manner from the principal product of the reactions. Their study is 
not yet completed, but it may even now be stated that they have 
the same composition as ethylene-phenylamine itself. One of these 
substances, remarkable for its solubility in spirit, is capable of being 
converted into ethylene-phenylamine by a simple molecular change. 
The relation in which these three isomeric bodies stand to each 
other is not yet finally fixed by experiment. The idea suggests itself 
that it may possibly be represented by the formulae — 

Soluble base C^g H^ N. 

Ethylene-phenylamine Cgg H^g N^. 
Insoluble base C^g H27 Ng . 

" On Curves of the Third Order*" By the Rev. George Salmon, 
of Trinity College, Dublin. 

The author remarks that his paper was intended as supplementary 
to Mr. Cayley's Memoir *' On Curves of the Third Order" (Philoso- 
phical Transactions, 1857, p. 415). He establishes in the place of 
Mr. Cayley's equation, p. 442, a fundamental identical equation, 
which is as follows, viz. if substituting in the cubic U, x+\x', 
y+Ay'> -?+A/ for a?, y, z, the result is 

U+3\S+3AT-f.VU'; 

80 that S and P are the polar conic and polar line of (a?', y', s'), with 
respeet to the cubic, viz. 

dx dy dz ' dx' dy' dz' ' 

and if making the same substitution in the Hessian H, the result is 

H+3\2+3X'n-|-X'H', 

so that S and II are the polar conic and polar line of the Hessian — 
then the identical equation in question is 

3(Sn-^SP)=H'U^HU\ 
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And it foUowft that when (as', y\ z') 19 « point 00 the euhW^ ^Ue. 
equation U=»0 of the cubic loay be written ia the fonn - . 

sn-sp==o, - > : 

an equation which is the basis of the subsequent investigations of .t^he* 
paper. The author refers to a communication tp him by Mr. Cayiey> 
of an investigation of the equation of the conic passing through five 
consecutive points of the cubic, in the case where the equation of 
the cubic is presented in the canonical form a?^+y®+-ff^+.6Za?yif==0j, 
and he shows that by the help of the above mentioned identity, th^ 
investigation can be eiFected with equal facility when the equatioa 
of the cubic is presented in the general form ; and he establishes 
various geometrical theorems in relation to the conic in questipn^ 
Finally, the author considers an entirely new question in the theory 
of cubics, viz. the determination of the points of ^ cubic, throu^ 
which it is possible to draw an infinity of cubics having a nine-ppiut 
contact, or complete osculation, with the given cubic. It is showu* 
that the points in question are those which are their owij. Uurd 
tangentials, and this suggests the consideration of the new canonical 
form, w^yr\-y'^2'\'Z^x-\-2mxyz^=0y of the equation of the cubic; this' 
inquiry, however, is not pursued in the paper. 



GEOLOGICAL SOCIETY. 
[Continued from vol. xvi. p. 478.] 
December 15, 1858. — Prof. J. Phillips, President, in the Chair. 

The following communications were read : — 

1 . ** On the Succession of Rocks in the Northern Highlands." 
By John Miller, Esq, Communicated by Sir R. I. Murchison, 
V.P.G.S. 

Mr. Miller in this communication explained the history of our 
knowledge of the geology of this district ; and, having given in 
detail an examination that he made of the coast last autumn, he 
drew particular attention to the faithful and comprehensive descrip-i 
tions of the Old Red district by Sedgwick and Murchison in former 
years, and showed that his own observations quite coincide with the 
results of Sir Roderick Murchison's late correlation of the Gneissic, 
Cambrian, Silurian, and Old Red strata of the coasts of Sutherland,, 
Ross-shire, and Caithness. 

In conclusion, Mr. Miller pointed out that the Durness Limestone 
and the fossiliferous beds of Caithness were still open fields for 
careful and energetic explorers. 

2. "On the Geological Structure of the North of Scotland. 
Part III. The Sandstones of Morayshire, containing Reptahan re* 
mains, shown to belong to the Uppermost division of the Old Red 
Sandstone." By Sir Roderick I. Murchison, F.R.S., D.C.L., 
V.P.G.S., &c. 

Referring to his previous memoir for an account of the trij^ 
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c^isk^^ 1^^' 0)d-'R^ 8a!^dilt^n6 of Caithtiess and the Orkney 

Islands, the amlkfr^feh<y#©*'hoK^ t*ie diief member of the gfeup in 

those tracts diminished in its mngje souitbwards into Eoss-shire, and 

how, when traceable through Inverness and Nairn, it was scarcely 

tb^e^Ye^^i^t^M M6i^sMre;bii1i reappeared with its characteristic 

ic^hta/J-oiitfeis in Banffshire (Dipple, Tynet, and Gamrie): 

;' 'He' th'feli prefaced his description of the ascending order of the 

s^al^ belonging to this group in Morayshire by a sketch of the" suc- 

cifesive labours of geologists in that district ; pointing out howin 1828 

th^'sandi^tones and Comstohes of this tract had been shown by Pro- 

ftfftSOr Sedgttick and himself to constitute, together with the inferior 

Refd Saifid'stone and Conglomerate, one natural geological assemblage; 

that ill 1839 the late Dr. Malcomeson made the important additional 

di'icoVery of fossil fishes, in conjunction with Lady Gordon Gumming, 

afi^'aho read a valuable memoir on the structure of the tract, before 

the Geological Society, of y^hich, to his, the author's regret, an abs- 

ttfdtt only had been published. (Proc. Geol. Soc. Vol. iii. p. 141.) 

^ ' ®fe Roderick revi-sited the district in the autumn of 1840, and made 

d^ctibflS" in the environs of Forres and Elgin. Subsequently Mr. P. 

B%ff, of Elgin, publifeWed a * Sketch of the Geology of Moray,' with 

illustrative plates of fossil fishes, sections, and a geological niap by 

Mr. John Martin ; and afterwards Mr. Alexander Robertson threw 

much light upon the structure of the district, particularly as regarded 

deposits younger than those under consideration. 

All these writers, as well as Sedgwick and himself, had grouped 
the yellow and whitish yellow sandstones of Elgin with the Old Red 
Sandstone ; but the discovery in them of the curious small reptile, the 
Telerpeton Elginense, described by Mantell in 1851, from a specimen 
in Mr. P. Duff's collection, first occasioned doubts to arise respect- 
ing the age of th6 deposit. Still the sections by Capt. Brickenden,, 
who sent that reptile up to London, proved that it had been found 
ill a sandstone which dipped under ' Cornstone,' and which passed 
downwards into the Old Red series. Capt. Brickenden also sent to 
London natural impressions of the foot-prints of an apparently rep- 
tilian animal in a slab of similar sandstone, from the coast-ridge 
extending from Burgh Head to Lossiemouth (Cummingstone) . 

Although adhering to his original view respecting the age of the 
sandstones. Sir R, Murchison could not avoid having misgivings and, 
doubts, in common with many geologists, on account of the high 
grade of reptile to which the Telei'peton belonged ; and hence he 
revisited the tract, examining the critical points, in company with 
his friend the Rev. G. Gordon, to whose zealous labours he owned 
himself to be greatly indebted. 

■ in. looking through the collections in the public museum of Elgin 
and of Mr. P. Duff, he was much strtick with the appearance of 
ae^^ral nndesoribed fossils, apparently belonging to Reptiles, which 
by. tbe^ liberality of their possessors j were, at his request, seftt up for 
inspection to the Museum of Practical Geology. He was al^ ifauch 
ai<}Qiiis3ied at the £tate of p^eiefvation of a large Xkoiq {iscMmi)^ 
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apparently belonging to a reptile, found by Mr. Martin in the same 
sandstone-quarries of Lossiemouth, in which the scales or scutes of ■ 
the Stagonolepis, described as belonging to a fish by Agassb, had 
been found. On visiting these quarries, Mr. G. Gordon and htmaeif 
fortunately discovered otlier bones of the same animal ; and these » 
having been compared with the remains in the Elgin collections, 
have enabled Professor Huxley to decide that, with the exception of 
the Telerpeton, all these casts, scales, and bones belong to the Reptile 
Stagonolepis Robertsoni. 

Sir Roderick, having visited the quarries in the Coast- ridge, from 
which slabs with impressions of reptilian footmarks had long been 
obtained, induced Mr. G. Gordon to transmit a variety of these^ 
which are now in the Museum of Practical Geology ; and of which 
some were exhibited at the Meeting. 

After reviewing the whole succession of strata from the edge of 
the crystalline rocks in the interior to the bold cliffs on the sea- 
coast, the author has satisfied himself that the reptile -bearing sand* 
stones must be considered to form the uppermost portion of the Old 
Red Sandstone, or Devonian group, — the following being among the 
chief reasons for his adherence to this view. 

1st. That these sandstones have everywhere the same strike and 
dip as the inferior red sandstones containing Holoptychii and other 
Old Red Ichthyolites, there being a perfect conformity between the 
two rocks, and a gradual passage from the one into the other. 
2ndly. That the yellow and light colours of the upper band are seen 
in natural sections to occur and alternate with red and green sand- 
stones, marls, and conglonierates low down in the ichthyolitic series. 
Srdly. That, whilst the concretionary limestones called ''Cornstones ** 
are seen amidst some of the lowest red and green conglomerates, 
they reappear in a younger and broader zone at Elgin, and re-occui: 
above the Telerpeton- sandstone of Spynie Hill, and above the Sta* 
gonolepis- sandstone of Lossiemouth ; thus binding the whole into 
one natural physical group. 4thly. That, whilst the small patches of 
so-called " Wealden " or Oolitic strata, described by Mr. Robertsoii 
and others as occurring in this district, are wholly unconformable to, 
and rest upon, the eroded surfaces of all the rocks under considera- 
tion, so it was shown that none of the Oolitic or Liassic rocks of the 
opposite side of the Moray Frith, or those of Brora, Dunrobin, Ethie, 
Ac, which are charged with Oolitic and Liassic remains, resemble 
the reptiliferous sandstones and " Comstones " of Elgin, or their repe- 
titions in the Coast-ridge, that extend from Burgh Head to Los^e** 
mouth. 

Fully aware of the great difficulty of determining the exact boun* 
dary-line between the UppermostDevonian and Lowest Carboniferous 
strata, and knowing that they pass into each other in many coon- 
tries, the author stated that no one could dogmatically assert that 
the reptile- bearing sandstones might not, by future researches, be 
proved to form the commencement of the younger era. 

Sir Roderiek concluded by stating that the conversion of the 
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S imgon okpis into a reptile of high organization, though of nondescript 
charaoters, did not interfere with his long-cherished opinion — founded 
dn acknowledged facts— as to the progressive succession of great 
daaaes of animals^ and that, inasmuch as the earliest Trilobite of the 
inveiiebvale Lower Silurian era was as wonderfully organized as 
aay liying Crustacean, so it did not unsettle his belief to find that 
the earliest reptiles yet recognized, the Stagonolepis and Telerpeton, 
pertained to a high order of that class. 

3. ** On the Stagonolepis Robert soni of the Elgin Sandstones 5 and 
on the Foot-marks in the Sandstones of Cummingstone." By 
Thomas H. Huxley, F.R.S., F.G.S., Professor of Nat. Hist., 
Government School of Mines. 

The unquestionable remains of Stagonolepis Robertsoni which 
have hitherto been obtained consist partly of bones and dermal scutes, 
and partly of the natural casts of such parts. The former have been 
obtained only at Lossiemouth, and are comparatively few in number ; 
the numerous natural casts, on the other hand, have all been pro- 
eured at the Findrassie Quarry, in which no bones or scutes, in their 
original condition, have been discovered. 

The considerable series of remains exhibited to the Society did not 
embrace all those which had been subjected to examination, but 
contained only a selection of those more characteristic parts upon 
-which the conclusions of the author of the paper, respecting the struc- 
ture and affinities of Stagonolepis, are based. 

They were — 1. Dermal scutes; 2. Vertebrae; 3. Ribs; 4, Bones 
of the extremities ; 5. Bones of the pectoral arch ; and 6. A na- 
tural cast of a mandible with teeth. The dermal scutes are all 
characterized by an anterior smooth facet, overlapped by the pre- 
ceding scute, and by the peculiar sculpture of their outer surface, 
which exhibits deep, distinct, round or oval pits, so arranged as to 
appear to radiate from a common centre. Of these scutes there are 
two kinds, the flat and the angulated. By a careful comparison 
with the dermal armour of ancient and modern crocodilian reptiles, 
it was shown that every peculiarity of the scutes of Stagonolepis 
could find its parallel in those of Crocodilus or Teleosaurus, — the fiat 
scutes resembling the ventral armour of the latter, the angulated 
scutes the dorsal armour of the former genus. 

An unexpected verification of the justice of this determination 
was furnished by a natural cast of a considerable portion of the 
caudal region of Stagonolepis, consisting of no less than seven ver- 
tebrae, enclosed within the corresponding series of dermal scutes. 
Of these, the dorsal set were angulated ; the ventral, flat. 

It would appear that the anterior dorsal scutes attained a very 
considerable thickness, while the posterior scutes were widest, 
attaining more than five inches in breadth in some instances. 
The vertebrae described were all studied from natural casts, and 
belonged to the caudal, sacral, and anterior-dorsal series. These 
vertebrae are, in their leading features, similar to those of Teleosau- 
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rians,— the obliquity of the articular feces of ^th^ PP^^Qj. ^ S^Wft^o 
teristic of the vertebra of Stagonolepis, l^in^^i as t»e author ^,,^9^ 
paper pointed out, a very common character pf Tel^p5auri[pi»*.ian^ 
even of modem Crocodilian, vertebrae, Qf the jsacral yertebfse, pnl^ 
a natural cast of the posterior face of the second had been obtaj(ne,<l^ 
but it was sufficient to demonstrate the wholly crocodiliaA char^p* 
ters of this region in Stagonolepis. 

The dorsal vertebrae present a remarkable peculiarity in the stroag 
upward, outward, and backward inclination of the transverse pro-r 
cesses, and in the size of the facet for the head of the rib. Th^ 
vertebra thus acquires a Dinosaurian character ; but no great weight 
' was attached to this circumstance, as the amount of upward in- 
clination of the transverse processes of the anterior dorsal vertebrae 
varies greatly in both Crocodilia and Enaliosauria, 

The ribs have well-marked and distinct capitula and tubeycula ; 
and the scapula is extremely like that of a crocodile. The femuy, 
though somewhat thick in proportion to its length ; and, though it^ 
articular extremities present such a peculiarly eroded appearance as 
to lead to the belief that they were covered with thick cartilaginous 
epiphyses, is also completely crocodilian in its characters. 

The natural cast of the mandible is remarkable for the great 
length and subcylindrical contour of the teeth, the apices of which 
are slightly recurved. The surface of the tooth is marked by nur 
merous close-set longitudinal grooves, which all terminate at a short 
distance from the smooth apex. It would appear that the teeth 
contained large pulp- cavities, and that each was set in a deep and dis.- 
tinct alveolus. Notwithstanding their special peculiarities, these teet^ 
might in many respects be compared with those of the Teleosauria, 

A metatarsal or metacarpal bone reproduced from a natuial cast 
was shown to be similar to that of a crocodile, but so much shorter in 
proportion to its thickness as to indicate an altogether shorter and 
broader foot. The cast of an ungual phalanx, on the other hund, 
proves that Stagonolepis had long and taper claws. 

Thus far the resemblances with the Crocodilia are, on the w^ole, 
very close ; but the characters of a coracoid obtained from Lossie- 
mouth separate Stagonolepis from all known recent and fossil €ro^ 
codilia. It is, in fact, a lacertian coracoid, very similar to that ctf 
Hylteosaurus. 

In summing up the evidence thus brought forward as to the 
affinities of Stagonolepis, the author, after comparing it with the 
oldest known Reptilia, expressed his opinion that the peculiar 
characters of this ancient reptile separate it as widely from the 
mesozoic Reptilia hitherto discovered as these are separated from 
the cainozoic members of the same group, — in fact, it widely diverges 
from all known recent and fossil forms, and throws no clear Hght 
on the age of the deposit in which it occurs. 

The footsteps from the Cummingstone quarries were next described. 
The largest yet seen by the author are eight or nine inches long, 
but the majority are much smaller. Prof. Huxley expressed his 
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©ifflfrfriii i'^t iiW tie trick's v^lcach lie had seen were referable to va* 
ifAtislf -^jited iridiyiduafe of one' and the same species of reptile ; and 
ni' 'deliMfaed'at^ length the only perfect impressions he had observed, 
iSpli^' bi(e'16f a fo^e, the oth^r of a hind foot. The impression of the 
fore %ot"presented a broad, oval palmar depression, ending in five 
digits, of which the innermost, representing the thumb, was very 
broad and short. Each of the outer digits was terminated by a long 
and tapering 6law ; and there were clear traces of a web-like mem- 
brajae Uniting these digits as far forwards as the bases of the ungual 
pbalan^es. The innermost digit or thumb is directed inwards as 
tvellas forwards, and appears to have been provided with a thick, 
short; and much curved nail. 

"'The impression of the hind foot is smaller than that of the fore 
foot, to which, however, it has a general resemblance. It exhibits 
Only four digits, all terminating in taper claws and united by a web. 
Ttli'ere are indications of a rudimentary outer toe. In one track, 
|wiiere the impression of the fore foot measured three inches, the 
Stride was twelve inches. 

'The impressions might very well have been made by such an 
animal as Stagonolepis, with the ungual phalanges of which, indeed, 
tbe claw-marks of the footsteps present a close resemblance, while 
the shortness and breadth of the palmar and plantar impressions 
liarmonize very well with the proportions of the metatarsal or me- 
tacarpal bone. 

In the course of his remarks, the author took occasion to express 
"his great obligations to Mr. Patrick Duflf and the Rev. George 
Gordon for their zealous and most efficient aid, without which it 
would have been quite impossible for him to lay so complete a case 
before the Society. 

4. " On Fossil Foot-prints in the Old Bed Sandstone, at Cumming- 
stone." By S. H. Beckles, Esq. F.G.S. 

Mr. Beckles, during a late tour through the Highlands, examined 
the Sandstone-quarries at Coveaea, near Elgin ; and, having exposed 
and removed several square yards of the Sandstone-slabs bearing 
fossil foot-priats at this place, has sent a large collection of them to 
Loi^don, but has not yet had the opportunity of studying them in 
detail. Mr. Beckles says that he has secured several varieties of 
footstepsy differing in size and form, and in the number of the 
daws, which vary apparently from 2 to 5. One foot-print, of a cir- 
cular ^ape, measured 15 inches in breadth. Some of the smaller 
foot-sprints are evidently formed by young individuals of the same 
speeiea that made some of the larger marks. Some of the prints 
have been left, i» the author's opinion, by web-footed animals. 

Mo&t of the suxface-planes of the rock, at different levels, bear 
ibot-marks. The majority of the tracks, Mr. Beckles says, are 
uniserial, the double (or quadrupedal) series being exceptional. 

, Mr* Beckles noticed also impressions of rain-prints, well-marked 
on 9ome of the suxface^planes, and indicating the direction of the 
wind blowing at the time of the rain-fall. 
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IX. Intelligence and Miscellaneous Articles, 

THOUGHTS ON THE FORMATION OF THE TAIL OF A COMET. 
BY J. J. WATERSTON, ESQ. 

ANY attempt to account for the formation of the tail of a comet 
upon exact physical principles would be assisted, if, in the draw- 
ings of the telescopic appearances of the nucleus and adjacent coma — 
which are sometimes provided when circumstances are favourable — 
we were presented with the projection on the plane of vision of the 
radius vector, and of the tangent to the orbit. In some cases rt 
might be possible to take such observations as would fix the actual 
curve of the exterior line of the tail, referred to the radius vector, 
passing through the centre of the nucleus, — i. e, supposing the central 
axis of the tail to be in the plane of the orbit. This line is Tery 
marked in the front side of Donati*s comet, and might probably be 
easily fixed by the equatorial. 

If we view the tail as composed of molecules as free from the force 
of cohesion as the molecules of an uncondensable gas, and raised from 
the nucleus by the heat of the sun, and suppose that that heat as it 
strikes upon each molecule is converted into a force centrifugal, that 
not only effectually counteracts the force centripetal of the sun's 
gravity, but that greatly exceeds it, such molecules will be quickly 
removed from the feeble attraction of the nucleus, and assume the 
motion of bodies entirely free from its influence. This hypothesis 
is suggested by the mechanical theory as a possibility. 

If we inquire as to the centrifugad power of the sun's rays, we 
may, with the data afforded by modern research, easily compute the 
accelerative force it is capable of engendering on a single chemical 
molecule, if their whole heating power were converted into such a 
force. This is surpassingly great — no less than 800 miles per 
second ! The data are, value of sun's radiation in a solar day equal 
to 1*8 ft. thickness of ice melted; the mechanical equivalent of 
which is about 13 lbs. raised 1 foot high per second by the heat im- 
pinging on a square foot. If this heat impinges on a superficial foot 
of gold-leaf one molecule thick (about ] -200,000,000th of an inch, 
as deduced from the relation of capillarity to latent heat, both being 
the measure of liquid cohesion, the first that of the superficial stra- 
tum of molecules, the second that of a cubic mass of molecules), and 
is converted into an impulsive force in one direction, it would in one 
second communicate a velocity of 800 miles a second ; and in about 
four minutes a velocity equal to light itself. It is, of course, an ex- 
treme case to suppose the whole heat absorbed and converted ; but 
it seems right to have in view the quantitative elements of the ques- 
tion. While the earth's atmosphere absorbs heat from the sun's 
rays, we have reason to suppose that heat- vibrations are converted 
into rectilineal velocity of gaseous molecules ; but there is no reason 
to suppose that the impulse is in the specific direction /rom the sun, 
but equally /rom and to, as in vibratory impulses generally. It may 
be shown that the mechanical equivalent of the solar heat that im-^ 
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pifiges on the earth amounts to one-hundredth of its gravity towards 
the sun; so that, if any part of it acted centrifugally, the orbit 
would be disturbed. The same remark applies to a comet ; but it 
cannot be denied that the phsenomena of the tail, more especially as 
it turns sharp round in the perihelion passage, are such as require 
for their explanation a very active exhibition of such a centrifugal 
force as might be engendered by the conversion of heat acting upon 
single and free molecules. — Proceedings of the Royal Astronomical 
Society, vol. xix. p. 29. 

ON THE DIFFERENCE PRESENTED BY THE PRISMATIC SPECTRUM 
OF 'THB ELECTRIC LIGHT IN VACUO AT THE POSITIVE AND NE^ 
GATIVE POLES. BY PROFESSOR DOVE. 

If I am not mistaken, M. Quet was the first to observe that when 
as perfect a vacuum as possible is produced in the electric egg, and 
the wires which enter it are connected with a Ruhmkorff*s appa- 
ratus, two lights, differing in colour, form, and position, make their 
appearance upon these wires. One of them is blue, and uniformly 
envelopes the negative pole ; the second, which is of a fiery-red 
colour, adheres to the positive pole, and stretches thence towards 
the negative pole, but is separated from the light of the latter by an 
obscure space. These phsenomena may be studied more conveniently 
by soldering the wires into vacuum-tubes, such as M. Geissler of 
Bonn prepares with much skill. 

If ^the two lights be observed by absorption in coloured glasses, 
or by malving them illuminate colouring matters, it is seen immedi- 
ately that we have not to do here with homogeneous light, for both 
of them may be seen through a cobalt glass of 6 millims. in thick- 
ness ; all the space which they occupy appears red through a red 
lens, yellowish through a plate of yellow glass ; and they acquire a 
brownish tint when looked at through a plate of uranium glass which 
becomes fluorescent under their influence, whilst it appears porcel- 
lanous when the electric light at its outer surface is combined by 
reflexion with the fluorescent light proceeding from its interior. 
These two lights vanish by the combination of a cobalt glass and a 
red glass, which only allows the passage of the extreme homogeneous 
red. It is easy to recognize by their colour several colouring mat- 
ters when they are illuminated by the positive or negative light. 

If the light be allowed to pass through a narrow fissure, and ana- 
lysed with an equilateral prism of flint glass or sulphuret of carbon, 
the positive and negative lights furnish different spectra. 

A Geissler's tube, of a pear- shape, 7 inches in length, presented 
the following phsenomena : — The spectrum of the blue light at the 
negative pole showed a large black streak in the blue, and a second 
similar one at the limits of the blue and green, a very small streak 
at the limits of the yellow, and nothing in the red. The light of the 
positive pole gave a continuous violet and blue band, several small 
streaks in the green, a very black streak at the limits of the yellow, 
and a small dark streak in the middle of the red. The colours which 
a{^ear discontinuous in one spectrum are not so in the other. 
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A second tube of the same length, of a spherical form in the 
middle and with conical prolongations at the two ends, presented the 
same phaenomenon at the negative pole ; but in the light of the 
positive pole, independently of the streaks previously indicated, there 
were two small dark streaks in the blue. 

The wires soldered into the glass tubes were of platinum. In the 
cylindrical electrical egg with brass electrodes, the phsenomena are 
the same as in these tubes, with this difference only, that the ne- 
gative light between the two broad black bands appears greenish, 
nearly like the space between F and b in the solar spectrum, and 
that in the spectrum of the positive light, besides the bands in the 
red and green, several also make their appearance in the blue. 

If the point at the negative pole be replaced by a ball, the 
positive pole remaining the same as before, there appears in the red 
of the negative light a small dark streak, whilst in the positive light 
two strong dark streaks become visible in the blue. Thus the phae- 
nomenon becomes modified, as if each of the two lights, positive and 
negative, contained a slight proportion of the other. In every case 
the spectra remain different, of which it is very easy to con- 
vince oneself, when the fissure is long enough to allow the two 
spectra to be observed at the moment when the prolongation of the 
one penetrates into the other. 

To observe the spectrum of the spark, the points of a spark-micro- 
meter were placed in communication by a thread of glass, and in 
this way a stream of sparks was obtained, in the light of which the 
characteristic brilliant streaks were strongly marked. 

Non- continuous spectra, such as those above described, are pro- 
duced by coloured flames, or when a source of white light is sub- 
mitted to the absorption of coloured gases. Now, as the space which 
separates the poles is not an absolute vacuum, we may suppose that 
various gaseous matters, or a single gas in different states, occur at 
these poles. The two cases suppose, it is true, a certain duration 
in the action of the pole and an action which increases with this dura- 
tion. If we introduce a commutator between the pile and the Ruhfn- 
korff's apparatus, the two spectra immediately change, and remain 
without alteration, which is contrary to the hypothesis in question. 

When the luminous current is deflected by means of a strong mag- 
net, no change is observed in the spectra. 

The luminous phaenomena presented by electricity in vacuo exhibit 
a striking analogy with those of the aurora borealis, which has caused 
them to receive the name of artificial auroras boreales. The fiery red 
of the positive pole particularly resembles the red which characterizes 
many auroras ; and the author has of late years repeatedly had the 
opportunity of remarking this resemblance, especially in two cases of 
aurora borealis seen at Berlin. The peculiarities presented by the 
electric light in vacuo are so marked, that it appears easy to decide 
definitively by prismatic analysis whether the light of the aurora 
borealis is or is not of an electrical nature. — PoggendorfF's Annalen, 
1858, No. 5. 
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X. On the Mean Length of the Paths described by the separate 
Mokcules of Gaseous Bodies on the occurrence of Molecular 
Motion : together with some other Remarks upon the Mechanical 
Theory of Heat. By R. CLAUsiirs*. 

(1.) nnHE February Number of Poggendorff's Annalen con- 
JL tains a paper by Buijs-Ballot " On the Nature of 
the Motion which we call Heat and Electricity/' Amongst the 
objections which the author there makes against the views ad- 
vanced by Joule^ Kronig^ and myself concerning the molecular 
motion of gaseous bodies^ the following deserves especial con« 
sideration. Attention is drawn to the circumstance that^ if the 
molecules moved in straight lines^ volumes of gases in contact 
would necessarily speedily mix with one another, — a result which 
does not actually take place. To prove that such mixture does 
not occur, the following facts are adduced (p. 250) : — " How 
then does it happen that tobacco-smoke, in rooms, remains so 
long extended in immoveable layers ? '* Mention is also made 
of the same appearance with clouds of smoke in the open air. 
Further, " If sulphuretted hydrogen or chlorine be evolved in 
one corner of a room, entire minutes elapse before they are 
smelt in another comer, although the particles of gas must have 
had to traverse the room hundreds of times in a second/' 
Further, '' How could carbonic acid gas remain so long in an 
open vessel ? '' 

These objections may, at first glance, appear to have very great 
weight ; and I consider it therefore necessary to prove, by special 
considerations, that the facts adduced are perfectly rcconcileable 
with the theory of the rectilineal motion of the molecules. In- 
deed, I rejoice at the discussion of this point by M. Buijs- 

• Translated by Dr. F. Guthrie, from Poggendorff's Annalen, No. 10, 
1868* 
PAi7. Mag. S. 4. Vol. 17. No. 1 12. Feb. 1859. G 
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Ballot^ inasmiich as it affords me a desired opportunity of com- 
pleting this part of my theory (which was perhaps discussed too 
briefly in my paper), and to prevent thereby further misunder- 
standings. 

(2.) It is assumed in the objections, that the molecules traverse 
considerable spaces in straight lines; this appears prominently 
in the second objection, in which it is said that a molecule must 
have had to traverse the room many times in a second. This 
assumption can, however, in nowise be considered as a necessary 
consequence of the views advanced by me Concerning the condi- 
tions of gases. Amongst the conditions which must be satisfied if 
Mariotte and Gay-Lussac^s law for a gas is true with perfect 
strictness, I have adduced the following, — ''that those portions 
of the path of a molecule throughout which the molecular forces 
are of influence in sensibly altering the motion of the molecule^ 
either in direction or velocity, must be of vanishing value com- 
pared with those portions of the path throughout which such 
forces may be considered as inactive/' Now in actually exist- 
ing gases, Mariotte and Gay-Lussac's law is not strictly, but 
.only approximately true ; and it hence follows that in them such 
first portions of the paths of the molecules must be small, but 
not vanishingly small, compared with the entire paths. Inas- 
nauch, now, as one of the fundamental conditions upon which 
the whole theory rests is that the molecular forces are only 
effective at small distances from the molecules, a path which 
is very great in comparison to the sphere of action of a molecule 
may yet, considered absolutely^ be very smalL 

By a few simple considerations, an approximate idea may be 
formed of the mean magnitude of the paths traversed by the 
separate molecules : I purpose endeavouring to elucidate this in 
what vnmediately follows. 

(8.) For this purpose it will be advisable to prefix some re- 
marks concerning the manner in which it is possible to view 
the molecular forces, and what has accordingly to be understood 
by the sphere of action. These remarks are not to be considered 
as an essential part of the subsequent development, but arc 
merely intended to fix our ideas. 

If we do not take into account the forces of chemical affinity, 
and only consider such molecules as are chemically indifferent to 
one another, I imagine that there are still two forces which 
are to be distinguished. I believe, namely, that when two 
molecules approach one another an attraction is at first exerted, 
which begins to be of sensible effect even at some distance, and 
which increases as the distance diminishes; but that, when the 
molecules have arrived into the immediate neighbourhood of one 
another, a force comes into play which seeks to drive them 
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asunder. For the view which it is here iatended to take, it i» 
indifferent what kind of force this repulsive one is supposed to 
be, that is, whether, as in the case of solid elastic bodies, it only 
strives to separate the molecules when they are in actual contact 
with a force equal to that with which they are pressed together, 
or whether it is one which begins to act before the actual con- 
tact of the molecules, In the same manner, we need not here 
discuss the question as to the source of these forces, whether 
they are both to be ascribed to the particles of ponderable 
matter themselves, or whether one of them is to be referred to 
a more subtle substance, with which the ponderable particles of 
matter are furnished. 

Let us now imagine two molecules moving in directions such 
that, if they preserved them unchanged, they would not strike 
one another, but pass by at some distance. Two cases may here 
occur. If the distance is very small, the molecules which were 
drawn towards one another, even from some distance, by the 
force of attraction, approach so closely that the repulsive force 
comes into play, and a rebounding of the molecules results. If 
the distance be somewhat greater, the paths of the molecules 
only suffer a certain change of direction through the attractive 
force, without the repulsive force being able to act. Finally, at 
still greater distances, the effect of the molecules upon <»i6 
another may be altogether neglected. 

How great the distances must be in order that the one or 
other case might occur, could not be determined universally, 
even if we possessed exact knowledge of the molecular forces ; 
for the velocity of the molecules and the reciprocal inclination of 
their paths are of influence. Nevertheless, mean values of these 
distances may be obtained. We will therefore suppose that the 
distance p is given for such a mean value, which forms tha 
boundary between the first and second case, and the meaning of 
which we will define with greater precision in the following 
manner : — If the centres of gravity of two molecules have such 
directions of motion that if they were to proceed in those direc<* 
tions in straight lines they would pass by one another at a 
distance greater than p, then the molecules only change their 
courses to some extent through reciprocal attraction, without the 
repulsive force coming into action between them. If, on the 
other hand, this distance is less than p, the latter force also 
comes into play, and a rebounding of the molecules takes 
place. 

If, now, the latter case alone be considered as one of impact^ 
and we do not concern ourselves with the changes of direction 
which the force of attraction effects at greater distances, we may, 
for what we have here to consider, represent a sphere of radioa- 

G2 
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p, described around a molecule and having its centre of gravity 
for a centre, by the term sphere of action of the molecule. 

I again call attention to the fact that the special hypotheses 
here made, concerning the nature of the molecular forces, are 
not to be viewed as a necessary condition for the developments 
which follow ; their only purpose is to facilitate the comprehen- 
sion by giving something definite to the imagination. It is of 
no import how we consider the forces by reason of which the 
molecules change the directions of their motions ; if we but ad- 
mit that their eflFects are only sensible at very small distances, 
we may assume some distance as limiting value for the purpose 
of being able to neglect the actions from greater distances, and 
only regard those for smaller ones. A sphere described at this 
distance may be called a sphere of action. 

(4.) If, now, in a given space, we imagine a great number of 
molecules moving irregularly about amongst one another, and if 
we select one of them to watch, such a one would ever and anon 
impinge upon one of the other molecules, and bound oflF from 
it. We have now, therefore, to solve the question as to how 
great is the mean length of the path between two such impacts; 
or more exactly expressed, how far on an average can the molecule 
movBy before its centre of gravity comes into the sphere of action of 
another molecule. 

We will not discuss this question, however, immediately in the 
form just given : we will propose instead a somewhat simpler 
one, which is related to the other in such a manner that the 
solution of the one may be derived from that of the other. 

If we assume that not all the molecules present in the space 
are in motion, but that the one chosen for observation is the 
only one which moves, and all the rest remain fixed in position, 
the moving molecule in these circumstances also would strike 
here and there upon one of the others, and the number of blows 
which it suflFers in this case during one unit of time may be com- 
pared with the numbers which it would experience in event of 
universal movement. On considering the matter more atten- 
tively, we are soon convinced that the number of blows amongst 
moving molecules must be greater than amongst stationary ones, 
or, which comes to the same thing, that the mean length of the 
paths which the molecule watched passes over between two con- 
secutive impacts, must be less in the first case than in the second. 
The relation between the lengths of the two paths may be defi- 
nitely found as soon as the velocity of the remaining molecules, 
in comparison with that of the one watched, is known. For our 
investigations, that case only is of special interest where the 
velocities of all the molecules are on an average equally great. 
In this case, if we only consider the mean velocities, we may 
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more simply assume that all molecules move at the same rate ; 
and for this case we obtain the following result : — The mean 
lengths of path for the two cases (1) where the remaining molecules 
move with the same velocity as the one watched^ and (2) where 
they are at rest, bear the proportion to one another ofitol. 

It would not be difficult to prove the correctness of this rela- 
tion : it is, however, unnecessary for us to devote our time to it ; 
for, in our consideration of the mean path, it is not the question 
to determine exactly its numerical value, but merely to obtain 
an approximate notion of its magnitude ; and hence the exact 
knowledge of this relation is not necessary. It is even suffi- 
cient for our purpose if we may assume as certain that the mean 
path among moving molecules cannot be greater than among 
stationary ones ; this will certainly be at once admitted. Under 
this hypothesis, we will confine the discussion of the question 
to that case where the molecule watched alone moves, while all 
the others remain at rest. 

Moreover, without affecting the question in anything, we may 
euppose a mere moving point in place of the moving molecule ; 
for it is in fact only the centre of gravity of the molecule 
which has to be considered. 

(5.) Suppose, then, there is a space containing a great num- 
ber of molecules, and that these are not regularly arranged, the 
only condition being that the density is the same throughout, i. e. 
in equal parts of the space there are the same numbers of mole- 
- cules. The determination of the density may be performed con- 
veniently for our investigation by knowing how far apart two 
neighbouring molecules would be separated from one another 
if the molecules were arranged cubically, that is, so arranged 
that the whole space might be supposed divided into a number 
of equal very small cubic spaces, in whose corners the centres 
of the molecules were situated. We shall denote this distance, 
that is, the side of one of these little cubes, by \, and shall call 
it the mean distance of the neighbouring molecules. 

If, now, a point moves through this space in a straight line, 
let us suppose the space to be divided into parallel layers per- 
pendicular to the motion of the point, and let us determine how 
great is the probability that the point will pass freely through a 
layer of the thickness x without encountering the sphere of action 
of a molecule. 

Let us first take a layer of the thickness I, and let us denote 
by the fraction of unity a the probability of the point passing 
through this layer without meeting with any sphere of action : 
then the corresponding probability for a thickness 2 is a* ; for if 
such a layer be supposed divided into two layers of the thickness 
1, the probability of the points passing free through the first 
layer; and thereby arriving at the second^ must be multiplied by 
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the probability of its passing through the latter one. Similarly^ 
for a layer of the thickness 8, we have cfl, &c., and for a layer of 
any thickness x we may accordingly write a*. Let us transform 
this expression by putting e~^ for a, in which e is the base of the 
natural logarithms^ and — a= log, a, which logarithm must be 
negative^ because a is less than 1. If now we denote the pro- 
bability of the free passage through a layer of the thickness is 
by W, we have the equation 

Wz=:e-^, ....... (1) 

and we have only to determine here the constant eu 

Again^ let us consider a layer of such thinness that the higher 
powers of the thickness may be neglected in comparison with 
the first. Calling this thickness S and the corresponding pro- 
bability W^, the former equation becomes 

W«=e-«« = 1-«S (2) 

The probability in this case may also be determined from 
special considerations. Let us direct our attention to any plane 
in the layer parallel to one of the bounding planes of the layer, 
and let us suppose all the molecules whose centres lie in the 
layer to be so moved perpendicular to the layer that their centres 
all fall upon this plane ; we have now only to inquire how great 
the probability is that the point, in its passage through this 
plane, meets with no sphere of action ; such probability may be 
simply represented by the proportion of two superficial areas. 
Of the entire part of the plane which falls within the given space> 
a certain portion is covered by the great circles of the spheres of 
action whose centres fall upon it, while the remaining portion is 
free for the passage ; and the probability of the uninterrupted 
passage is therefore expressed by the relation of the free portion 
of the plane to the whole plane. 

From the manner in which the density was determined at the 
beginning of this article, it follows that in a layer of thickness 
\, so many molecules must be contained, that, if they be supposed 
brought into one and the same plane parallel to the bounding 
plane, and to be arranged still quadratically in this plane, then 
the side of the small square in whose comers would be situated 
the centres of the molecules would be equal to \. Hence it 
follows, that the part of the plane which would be covered by the 
great circles of the spheres of action, would be related to the 
remainder of the plane as a great circle would to a square of 
side X, so that, accordingly, the covered superficial area would be 
expressed by the fraction 

of the ^ntire superficial area. In order to ascertain the corre* 
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sponding magnitude for a layer of the thickness 5, we have only 
to multiply the previous fraction by -, that is, 

and if this magnitude be subtracted from 1, the difference 
represents the free portion of the plane as a fraction of the whole 
plane. 

Hence the probability that the point will pass through our 
plane, or, which comes, to the same thing, through a layer of 
thickness S, without obstruction, is determined by the equation 

W,=l-^'8; (3) 

and on comparing this expression for W^ with that given in 
equation (2), we find thai 

«=^, w 

and hence the general equation (1) is transformed into 

W=e""x« (6) 

(6.) By means of this equation we can now determine the 
mean .value of the .path which the point has to traverse before 
it meets with a sphere of action. 

Let us suppose that a great number (N) of points are thrown 
through space in one direction, and let us suppose the space to 
be divided into very thin layers perpendicular to the direction 
of motion ; then a small number of the points would be detained 
in the first lay^r by the spheres of action, another lot in the 
second, another in the third, and so on. If, now, each of these 
small numbers be multiplied by the length of path, the products 
added, and the sum obtained divided by the whole number N, 
the quotient will be the mean length of the path which we 
seek. 

According 'to equation (5), the number of points which either 
reach or pass the distance x from the commencement of the 
motion is represented by 

irp« 

and accordingly the number which reach or pass the distance 
x-^-dxi^ expressed by 



Digitized 



byGoogk 



88 Prof. Clausius on Molecular Motion, 

The difference of these two expressions, namely, • 

represents the number of those points which are detained be- 
tween X and x + dx. The path traversed by these points may be 
considered as x if we neglect infinitely small differences ; and 
hence the above expression must be multiplied by this length 
in order to obtain one of the products mentioned before, namely, 

"tie"!^' •'^xdx. 

If, now, it be desired to obtain the sum of all products of this 
kind which correspond to the several layers of the thickness dx, 
this must of course, in the case in point where the layers are in- 
finitely thin, be effected by integration. Hence the above for- 
mula has to be integrated from a? =0 to 07=00 , whence the foU 
lowmg expression is obtained. 

This expression has now only to be divided by N in order to 
arrive at the mean length of path requii-ed. If this be called /', 
the equation is 

/'= — 2 (6) 

In the case where not one molecule only is in motion while 
all the others are at rest, but where all molecules move with 
equal velocity, the mean length of way, as mentioned before, is 
less than that above considered in the proportion of f to 1, 
Hence if we put the simple letter I for this case, we have 

'=J^ C) 

Writing this equation in the form 

i^2L 

9 i'^P 

a simple law results. It follow s from the manner in which we 
determined the density, that the part of the given space filled by 
the spheres of action of the molecules is related to the whole 
given space as a sphere of action to a cube of the side X, that 
is, as 

Accordingly t^ie meaning of the previous equation may be 80 
put : — The mean length of path of a molecule is in the same pro 
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portion to the radius of the sphere of action as the entire space 
occupied by the gaSy to that portion of the space which is actually 
filled up by the spheres of action of the molecules. 

(7.) In order to have a definite numerical example, let us 
assume, in round numbera, that the spheres of action of the 
molecules are so small that only a thousandth of the space occu- 
pied by the gas is really filled out by the spheres of action, and 
that the whole remaining space be free for motion. 

For this case we have 

4^a =1000, 



whence it follows that 



^=16-13 (8) 

P 

Ou applying these values we obtain from equations (6) and (7), 

? = 1333/>=83\, (9) 

/;=1000/)=62\ (10) 

The first expressions in both equations show that, under the 
assumption made, the mean path has a considerable length in 
comparison to the radius of the spheres of action, and that there- 
fore, as far as the effect of this circumstance is concerned, Ma- 
riotte and Gay-Lussac^s law may be very nearly true for the gas. 
By a simple calculation it may be shown that the relation of 
1000 to 1 completely suffices, even for those approximations 
found by Regnault with permanent gases. It follows that the 
magnitude of the fiipheres of action which was taken for illustra- 
tion, although arbitrarily chosen, may yet be regarded as one 
within the bounds of possibility. 

But if we now regard this same mean value of the length of 
path in such a manner as to compare it, not with the sizes of 
molecules, but with our usual units of length, we obtain totally 
different relations. In all physical and chemical investigations 
in which opportunity presents itself for drawing conclusions 
concerning the weight and size of the separate molecules, we are 
invariably led to the conclusion that, compared with all measur- 
able magnitudes, molecules must be of extraordinarily small 
size. As yet, no one has been able to establish a bounding line 
on the other side (for smallness). Accordingly, when an ordi- 
nary unit of measure, e. g, a litre, is filled with gas at the ordi-» 
nary atmospheric pressure, we must assume that the number of 
molecules present is very great, and that consequently the di-r 
stances between the molecules is very small. Accordingly the 
values previously found for V and /, namely, 83\ and 63X, must 
only be regarded as small magnitudes* 
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(8«) After tKe above determination of the length of the mean 
path, we still have to consider how the separate paths which 
really occur are related to the mean path. 

The first question which presents itself is, in what proportion 
is the number of cases in which the real path is less than the 
mean path^ to that of the cases in which it is greater. For answer^ 
ing this question, use is made of (5), in which we have only to 
substitute the mean value /' for x in order to find what probability 
there is that the true path is equal to or greater than the mean 
one. If for /' we here make use of the expression in (6), and de- 
note the corresponding value of W by Wj, then 

Wi=^-i=0-3679. .... * (11) 

From the above equation it follows, that out of N cases only 
0*3679 N occur in which the real path is equal to, or greater 
than the mean one, while in the 

0-6321 N 

cases the true path is the smaller one« 

If, further, it be required to know the number of cases in 
which the true path is equal to or above the double, treble, &c. 
of the mean one, the same process may be adopted as before. 
Calling the probabilities in question Wg, Wg, &c., we have 

W3=." \ . . .^. . .(12) 
&c. J 

These numbers evidently diminish very rapidly, since, for in- 
stance, 6^*<*= 0000045; and we gather from this that, although 
in isolated cases a molecule may traverse a path considerably 
longer than the mean one, such cases are comparatively rare, 
and that in the majority of cases the actual patii is smaller or 
very little larger than the small mean value found above. 

(9.) If, now, these results be applied to the externally recog- 
nizable behaviours of a gas, in which it is presumed that no 
other motion common to the whole mass besides the molecular 
one is present, it is easy to convince oneself that the theory 
which explains the expansive force of gases does not lead to 
the conclusion that two quantities of gas bounding one another 
must mix with one another quickly and violently, but that only 
a comparatively small number of atoms can arrive quickly at a 
great distance, while the chief quantities only gradually mix at 
the surface of their contact. 

From this it is clear why clouds of smoke only slowly lose 
their form on quiet days. Even when the air is in motion, pro- 
vided such motion consists of a uniform one of the entire cur- 
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leQtj a doTid of smoke may be carried off without quickly losing 
its form. Both the other facts adduced by Buijs-Ballot also 
admit of simple explanation. The remark made by him at- 
tached to one of his objections^ that the molecules of gas in a 
room must traverse the room many hundred times in one second, 
is completely foreign to the theory. Perhaps it might be said 
of a remark which occurs in the mathematical development at- 
taehed )» my previous paper^ that it afforded reason for such an 
idea. I assumed there^ namely, that the gas was in a very flat ves- 
sel, and I then assumed that the molecules of gas without disturb- 
ing one another, sped backwards and forwards between the two 
great parallel sides. Nevertheless, this assumption was there 
introduced with the following words : " In estimating the pres- 
sure, instead of regarding the motion as it really occurs, we may 
mtroduce certain simplifications/' I believe I thereby called 
sufficient attention to the fact that this assumption should not 
serve to furnish an image of the real process, but only to sim- 
plify the calculation there intended, the result of which could not 
be thereby changed. 

XL Remarks on Ice and Glaciers. 
By John Tyndall, F.R.8, §-c.* 

THERE are two or three points connected with ice and gla- 
ciers to which I intended to refer in a paper now ready 
to be presented to the Royal Society, but which, on reflection, 
I think may be more fitly treated in the pages of the Philo- 
sophical Magazine. 

In the December Number of that Journal there is a reprint 
of a paper by Prof. W. Thomson, which first appeared in the 
Proceedings of the Royal Society : the following points in this 
paper need clearing up. 

In the last paragraph Professor Thomson expresses the diffi- 
culty which he experiences in accounting for the resolution of a 
mass of ice into six-petaled liquid flowers f. That such a diffi- 
culty should present itself is, I acknowledge, a matter of some 
surprise to me. The effect, as stated in my paper, is manifestly 
due to the crystallization of the substance. Water^ when cry- 
stallizing, builds itself up into flowers of this kind. Last August 
I observed a magnificent example of this six-rayed architecture 
upon the summit of Monte Rosa; Dr. Scoresby has given us 
numerous drawings of polar snow-crystals illustrating the same 
point ; and the drawings of Mr. Glaisher also illustrate it. Not 
only do snow-crystals exhibit this structure^ but in freezing water 

'* Commumcated by the Author, 
t Phil. Trans, psrt 1, 1858, pp. 212<-21d. PhU. Mag. Nov. 1858, p. 334. 
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star-shaped masses are formed exactly similar to the liquid spaces 
produced by the sunbeam in my experiments. The process of 
liquefaction is simply an inversion of the process of solidification ; 
and to me it seems perfectly natural that the phsenomena should 
be of this complementary character. 

Prof. Thomson also objects to my conclusion, that it might 
be inferred from the experiments on internal liquefaction that ice 
was a uniaxal crystal*. I look at the matter purely from a phy- 
sical point of view ; and thus regarded, nothing, I think, can be 
more certain than the conclusion referred to. A line may be 
drawn through a mass of ice, round which the particles are 
aiTanged with perfect symmetry ; and there is but one direction 
through the substance round which this symmetry prevails. To 
me it appears certain that this line will be the optic axis of the 
crystal, and that the crystal will possess but one such axis. The 
liquefaction experiments prove the facts ; and all that we know of 
optical phsenomena confirms the conclusion. 

In the last paragraph but one, Prof. Thomson writes as fol- 
lows : — "I believe the theory I have given above contains the ex- 
planation of one remarkable fact observed by Dr. Tyndall iu 
connexion with the beautiful set of phsenomena which he dis- 
covered to be produced by radiant heat, .... the fact namely 
that the planes in which the vesicles extend are generally parallel 
to the sides when the mass of ice is a flat slab; for the solid will 
yield to the ' negative ' internal pressure due to the contractility 
of the melting ice, most easily in the direction perpendicular to 

the sides Hence the vesicles of melted ice, or of vapour 

caused by the contraction of the melted ice, must, as I have shown^ 
tend to place themselves parallel to the sides of the slab." 

Now the fact is, that the melting of the ice is totally inde- 
pendent of the sides of the slab. If the sides do not coincide 
with the surfaces of freezing, the planes of the flowers will not 
be parallel to the sides. The effect is not due to any mechanical 
weakness dependent on the form of the mass operated on; but the 
interior melting is solely dependent on the interior crystalHzation, 
No matter how irregular in form the fragment of ice may be, the 
sending of a calorific beam through it reveals at once its planes 
of freezing ; for the flowers always form parallel to these planes, 
no matter what the direction of the beam through the mass may 
be. This I have distinctly stated. I may add, that in the 
single case recorded in my paper to which Mr. James Thomson^s 
theory is applicable, I have applied that theory myself. 

Prof, J. D. Porbes has recently described before the Eoyal 
Society of Edinburgh some experiments that he has made on 

. * Phil. Trans, part 1, 1858. Phil. Mag. Nov. 1858, p. 336, 
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the freezing together of masses of ice with moist surfaces. His 
explanation of the effect is briefly this : — ^W^'hen one surface is 
*^ brought up nearly to physical contact ^^ with the other, " there 
is a double film of viscid water isolated between two ice surfaces 

colder than itself. Fart of the sensible heat which it 

(the film) possesses is given to the neighbouring strata which 
have less heat than itself, and the intercepted film of water in 
the transition state becomes more or less perfect ice." 

He finds, in fact, by experiment, that "masses of strong ice 
which had already for a long time been floating in unfrozen 
water-casks, or kept for days in a thawing state, being rapidly 
pounded^ showed a temperature of 0°'3 F. below the true freezing- 
point," And "water being carefully frozen into a cylinder 
several inches long, with the bulb of a thermometer in its axis, 
and the cylinder being then gradually thawed, or allowed to lie 
for a considerable time in pounded ice at a thawing temperature, 
showed also a temperature decidedly inferior to 32°, not less 
than 0°-35 F." 

The cause here suggested, namely that the moist film is frozen 
by the cold which the ice possesses, is that which first occurs 
in seeking an explanation of the phsenomenon in question; 
and it was with reference to it that I instituted the long series 
of experiments on artificial ice, recorded in my paper " On some 
Physical Properties of Ice," and which lead to conclusions op- 
posed to those of Prof. Forbes. 

Why is the "rapid pounding'^ necessary in the experiment 
of Prof. Forbes ? Doubtless in order that the ice may be brought 
into contact with the thermometer before its temperature has 
risen to 32°. But give the ice time to rise to 32° ; let its last 
residue of cold be abolished — the mass thus warmed, and in 
which the finest thermometer will not show the smallest fraction 
of a degree below 32°, may, with the utmost facility, be converted 
by pressure into solid ice. 

Let the thawing surface of a mass of ice be scraped away, so 
as to obtain a fine ice-powder possessing the temperature of that 
surface. Let not the alleged magazine of cold within the ice be 
at all called upon j such a powder, or more properly fine slush, 
the temperature of which no thermometer can show to be below 
82°, may, as in the former case, be converted by pressure into 
solid slabs of ice. 

Further, much of the ice which I made use of in my experi- 
ments was full of cells partially filled with liquid water : the ice 
containing them could not be lower than 32°, and was never 
observed to be lower. Water, it is true, will remain liquid be- 
low 82° ; but normal ice, at the atmospheric pressure, cannot be 
melted by a temperature below 32° ; and I have shown that such 
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ice^ in eontact with an internal cavity^ may be liquefied by the 
heat which has been conducted through the substance. The 
water thus produced must have a temperature of at least 82^; 
but the ice has been the conductor of this temperature, a&d there- 
fore cannot possibly be under 32^. Such ice^ however^ exhibits 
all the phsenomena of regelation. Slabs of it freeze together) 
and if crushed and pressed^ it can be welded and moulded in the 
manner which I have more than once had occasion to describe. 
These facts^ I thinks prove that the explanation of Prof. Forbes 
does not apply to the phaenomena. I agree with him that ^' con*> 
tact without pressure'' produces regelation^ and^ I think^ for 
reasons which have been already assigned. 



1 



There is one more point on which, in justice to myself and to 
others, I feel called upon to say a few words. 

Since the publication of the paper by Mr. Huxley and myself*, 
I have been reminded by more than one writer, that Prof. Forbes 
had himself abandoned the theory of the veined structure which 
was examined, and, I think, proved to be untenable, in the paper 
referred to. Prof. Thomson, for example, states that, in his 
thirteenth letter upon glaciers. Prof. Forbes " formally abandons 
the notion that the blue veins are due to the freezing of infil- 
trated waterf/' 

The second section only — a very short one— of the thirteenth 
letter refers to this subject. The title of that section is simply 
" On the Conversion of Nev^ into Ice ;" and there is not a word 
referring to a new theory of the veined structure. In the first 
paragraph Prof. Forbes formally mentioDs the subjects of which he 
is going to treat : he says, " I shall dow add a few observations 
tending to throw light on two of the most obscure glacial phee- 
nomena : first, the conversion of the snow of the n^ve into pare 
ice ; and secondly, on the apparent ejection of stones from the 
surjface of the glacier :'' there is not a syllable about abandoning 
a theory which formed the most important part of his glacier 
investigations. 

Before the publication of the paper by Mr. Huxley and myself, 
every fact or speculation of any importance, in the work of Prof. 
Forbes, was vividly present to my mind. With regard to the 
conversion of neve into ice, I knew that he had expressed himself 
thus : — " No doubt the transition is eflected in this way : — the 
summer's thaw percolates the snow to a great depth with water; 
the frost of the succeeding year penetrates far enough to freeze 

• Phil. Trans, part 2, 186?. Phil. Mag. 1868, vol xv. p. 366. 
t Phil. Mag. S. 4. vol. xvi. p. 466. 
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it, at least to the thickness of one year's fall, or by being repeated 
in two or more years consolidates it more effectually. Thus 
M. Elie de Beaumont most ingeniously accounts for the alleged 
npn-emtence of glaciers between the tropics by the fact that the 
seasons have no considerable variations of temperature, and the 
thaw and frost do not separately penetrate far enough to con-> 
yert the snow into ice/' (Travels, p, SI.) 

This passage naturally rose to my mind when I read the fol- 
lowing in the thirteenth letter upon glaciers : — ^^ I am satisfied, 
then (and it is only after long doubt that I venture this con- 
fident expression), that the conversion of snow into ice is due to 
the effects of pressure upon the loose and porous structure of 
the former." This is the only formal retractation which the 
letter contains ; and I think I was justified in regarding it as an 
abandonment of the view expressed in the passage first quoted, 
and not as an abandonment of the theory of the veined structure* 

The only mention of ^' infiltrated water '' which the section 
referred to by Prof. Thomson contains, is in its last paragraph, 
where it thus occurs : — " We are therefore relieved from the dif- 
ficulty of accounting for the cold which would be necessary to 
freeze the infiltrated water which was [I] at one time believed 
necessary to explain the conversion of the n^vb into 
FnoFER ICE :"-^not a word about the veined structure. 

In no part of this letter, that I can gnd, does Prof. Forbes 
state that he has abandoned his first theory of the structure ; 
and one sentence alone could, by implication, be construed into 
such an abandonment. Referring to a particular observation 
made on the Talefre glacier, he concludes " that the conversion 
into ice is simultaneous and, in this case, identical with the forma* 
tion of the blue bands J' I am quite wUling to accept whatever 
interpretation Prof. Forbes chooses to attach to this sentence; 
bat in justification of myself I would ask, is it likely that a 
theory of such importance, and on which so much labour had 
been expended, was meant to be broken down and rebuilt by a 
sentence of this kind ? I w^ould here remark that this thirteenth 
letter can only be appreciated by those who have made themselves 
perfectly conversant with what Prof. Forbes had before written. 
In his book, in his previous letters, in his papers in the Phi- 
losophical Transactions, in his controversial discussions, the 
same view is constantly advocated. — The blue veins are *' un- 
doubtedly infiltrated crevices,^' the crevices being produced by 
" differential motion.^^ ^* Mr. Hopkins,^^ writes Prof. Forbes in 
1845, in reference to an experimental proof, '^ denies that the 
ribboned (veined) structure is produced by differential motion, 

No person who has seen the model made, or even been told 

how it was made, and inspects the ribboned structure upon its sur» 
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face, can, I think, unless influenced by previous theoretical views, 
entertain any other opinion.'^ Is it to be supposed th&t convic- 
tions thus strongly uttered, based upon years of observation, 
and established, according to the above quotation, by the testi- 
mony of the senses themselves, are meant to be reversed by a 
single observation which, after all, is essentially defective, in- 
volving, in reality, not a fact, but an opinion ? The supposition is 
unreasonable, and will appear still more so when it is remembered 
that throughout the entire letter Prof. Forbes never once tells 
us that he has changed his views regarding the origin of the 
veined structure, though he does acknowledge a change of view 
upon a different subject. 

On the conversion of neve into ice the latter is sufficiently 
clear ; on the subject of the structure it is altogether vague and 
unsatisfactory. Prof. Forbes refers to pressure, as he did in his 
earliest communications upon this subject ; but by far the most 
reasonable interpretation here is, that he regarded the pres- 
sure as influential in producing the ^'diflFerential motion," which, 
he distinctly states, ^^necessarily takes place under intense pres^ 
sure." This interpretation is supported by the fact that we have 
"lines of tearing ^^ and "incipient fissures" invoked, as for- 
merly, in this letter. " The imprisoned air," writes Prof. Forbes, 
" is distributed in the lines of tearing, in the form of regular 
globules, just as in the case of the banded lavas which have 
been so well described by Mr. Darwin." The words "in the 
lines of tearing" are put in italics by Prof. Forbes himself. 
Now it is very remarkable that, in the passage of Mr. Darwin's 
work to which reference is here made, Prof. Forbes's^rs^ theory 
of the structure is referred to, and assumed to be correct. In 
his reciprocal reference to Mr. Darwin's theory, Prof. Forbes 
endorses the comparison of that eminent naturalist, and does 
not use a word which would lead us to suppose that he wished to 
modify Mr. Darwin^s assumption. 

With regard to the origin of the veined structure, the letter, 
as already stated, is so vague that it is impossible to infer from 
it, with any certainty, what the views of Prof. Forbes on the 
subject really are. But those who, like myself, have taken the 
trouble to acquaint themselves with the labour and the learning 
expended in establishing the first theory, would, I am satisfied, 
be the last to suppose that it was intended, in the letter referred 
to, to dispose of that theory in so indirect and summary a way. 

Royal Institution, January 1859. 
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Xll. On Deq)-8ea Explorations^ ' 
By Professor W. P. Trowbridge*. 

OUR present knowledge of the depth of the sea in all quarters 
of the globe may be compared to the ideas which existed 
in the minds of men with regard to the form of the continent 
of America^ after the first voyages of the old Spanish and English 
navigators. Previous to the discovery of Columbus, the most 
exaggerated notions were entertained of the boundless extent, 
the unfathomable depths, and the dark wastes of that great chaos 
of waters which no man had yet dared to explore. 

The discovery of the great navigator was quickly followed by 
the explorations of Ponce de Leon, Cabot, and others, who 
touched upon various points of the unknown land, and bore 
back to the old world trophies from the new. Many of the charts 
made by these bold mariners are still preserved as memorials 
of their achievements ; but what a contrast do they present to 
the maps of the present day ! in most of them scarcely a resem- 
blance can be traced to the form of the continent which we now 
inhabit. The world does not cease to honour these adventurous 
pilots because their first eflFbrts were not entirely successful: 
subsequent researches, with the help of continued improvements 
in the art of navigation, and in astronomical science, corrected 
their errors without detracting from their merits. But while 
these vague notions with regard to the superficial extent of the 
sea have been removed, and its surface measured with all desir- 
able accuracy, the veil of mystery still obscures its depths. The 
bottom has been reached at various points ; and the world has 
just witnessed the wonderful stride in human progress to which 
the first movements in this new field of scientific investigation 
have led. It is therefore legitimate now to review what has 
been done, — not with a view of criticising the works of those 
who have been foremost in these discoveries, but with the better 
motive of seeking for truth, and stimulating to renewed efforts 
those ^ho have already done so much, by suggesting probable 
causes of error in the results which have been obtained, so that 
new methods may be devised, if necessary, for establishing, with 
the certainty which science and the popular mind now require, 
the true form of that portion of the solid crust of the earth 
which lies concealed beneath the waters of the ocean. 

The question of the character of the thin covering of the bot- 
tom has undoubtedly been settled by the examination of speci- 
mens brought to the surface* And here we must digress some- 
what, to refer to the labours of those who were first instirumental 
in inaugurating deep-sea explorations. 

* From Silliman's American Journal for November 1863. 
Phil. Mag. S. 4. Vol. 17. No. 1 12. Feb. 1859. H 
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In the year 1846, Lieatenaiit (now Commander) Charles U. 
Davis, U.S. Navy, while running a line of deep-sea soundings 
across the Gulf-stream, under the direction of the Superintend- 
ent of the Coast Survey, obtained one cast of 1350 fatiioms, and 
brought up a specimen of the bottom with the " specimen-cup *' 
of Lieut. H. S. Stellwagen, U.S. Navy. With regard to this 
sounding, Lieut. Davis remarked as follows: — "U.S. Brig 
'Washington/ Oct. 29th, 1845. Sounded with 1300 fathoms 
line (1| mile), and found bottom at that depth. . . . After the 
lead was felt to strike the bottom, the line became slack, so that 
the quartermaster could haul it in hand over hand. ... It appeared 
to fsJl off again from the side of the bank, and took the remainder 
of the line, amounting to 1350 fathoms'' (in all). " The cup 
came up filled with a greenish mud, which is preserved, ... At 
3 P.M. sounded again with 7l6 fathoms line, and found the 
same bottom as before/' The cup referred to was the Stellwagen 
cup, which is used by some at the present day. In the explora- 
tions of Lieut. Davis, 95 specimens of the bottom, and 25 speci- 
mens of water at various depths, were brought up and preserved*. 

* See Reports of Superintendent of Coast Survey for 1845, 1846, 1847> 
1848. 

The following interesting observations are cited from tiie Report f<^ 
1847, p. 25 : — " Collections of specimens of the bottom from soundings in 
this section were first commenced by the late Lieutenant Commanding, 
George M. Bache, U.S. Navy, and have been added-to every year since 
1844, placed in small bottles for easy inspection, and duly labelled. It was 
the intention of that lamented officer to have classified them during the 
past winter, and to have placed characteristic specimens upon an off- 
shore chart on a suitable scale, thus enabling the eye to generalize the 
results so as to reproduce them methodically arranged, as upon a geolo- 
gical map. In addition to this, the microscopic examination of these spe- 
cimens could hardly fail to develope interesting facts in regard to them, 
some of which mi^t prove of importance to navigatcnrs, as fdl would be to 
general science. JProfessor J. W. Bailey of West Point, kindly commenced 
an examination of this sort. ' All the deep-sea soundings,' he says (in a 
letter to me on the subject), ' are of the highest interest, being filled vnth 
organisms, particularly the calcareous Polj^halamia, to an amount that is 
really amazmg— hundreds of millions existing in evary cubic inch of these 
green muds. 

'' * The most interesting specimen is the one labelled No. 1, latitude 
38° 04' 40«, longitude 73^56' 47", 90 fathoms. This is crowded with Poly- 
thalamian forms, mostly large enough to be recognized hy a practised eye 
without the aid of a magnifier,' A figure or specimen which would enable 
a practised eye to recognize these forms — and Professor Bailey has pro- 
mised to illustrate these researches by drawings — would render even this 
first inspection of practical value. The * large Textularia, having the orm 
of a truncated pyramid, which characterizes No. 8, latitude 39° 31', longi- 
tude 72° 11' 20'', 89 fathoms, not being mistidceable for the forms abun- 
dant in No. 1,' it is to be hoped that Professor Bailey will carry so pro** 
mising a subject to a conclusion. He may add another to the idds fiir- 
nished by science to navigation.'' 
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In the sueoeeding year^ in the same explorations^ soundings were 
made to the depth of 1500 and 2160 fathoms^ without finding 
hottom : but in the latter case the temperature of the water was 
recorded at the depth named. In 1848^ in the explorations off 
Cape Hatteras^ the officer engaged in the explorations lost his 
instrument^ with 3300 fathoms of line out. 

These Gulf-stream explorations were undoubtedly the first 
systematic deep-sea explorations ever undertaken. 

Our principal object, however, is to notice those great depths 
where no bottom was found, and to examine whether the failure 
to find the bottom was, under the circumstances, any proof that it 
did not exist at much less depths than those reported, or whether 
any conclusion whatever can be derived from the results. 

When we reflect that two-thirds of the earth's surface is co* 
vered with water, while the remaining third is dry land, and 
that the figure of the solid part can only be known when we 
can trace with certainty the mountain-ranges and valleys along 
the bottom of the sea, it becomes important to scrutinize those 
reported measurements which give such enormous depressions 
in different parts of the sea, compared with which the highest 
mountain-ranges are insignificant elevations. Numerous in- 
stances have been reported in which soundings have been made 
to the depth of five, six, seven, eight, and nine miles without 
finding bottom; and again over large areas the bottom of the 
sea is represented as a comparatively level plain submerged to 
the depth of two, three, or four miles. Supposing these reported 
xdeasurements to have been correct, we should have still very 
insufficient data for arriving at any correct conclusions with 
regard to the elevations and depressions of the ocean-bed. What 
idea could be formed, for instance, of the topography of our 
country, if our knowledge of its surface consisted in knowing 
the height, above the level of the sea, of only one point in every 
State of the Union. Such points, selected at random, might be 
the highest or lowest points within an area of some thousands 
of square miles j and. after all, we should only know that it was 
possible to measure those heights, without being able to conjec- 
ture even their relation to each other. In the case of deep-sea 
soundings, we only know that bottom has been reached,— in some 
instances at depths which show that our ideas concerning the 
unfathomable abysses of the ocean have been erroneous, and to 
sustain the belief that the mean depth is less than has been sup- 
posed. With regard to the uncertainties of the measurements, 
it is not sufficient to say that, compared with the immense area 
over which they are spread, the depths are very small ; it might 
as well be argued that the height of the Alps is insignificant 
compared with the distance around the earth, and therefore an 
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error in height of one or two miles is unimportant, or that the 
elevations of ordinary mountain-ranges need not be noticed when 
compared with the area of a continent. We are dealing with 
finite quantities, not with the infinite with which they may be 
compared ; and an error of several thousand feet in two or three 
miles is hardly within the limits of scientific accuracy. 

Prominent among the instances of these reported unfathom- 
able depths, stands the sounding of Captain Denham of the 
British Navy, in H.M.S, ^Herald,' made in October 1852, on 
a voyage from Rio de Janeiro to the Cape of Good Hope. This 
is an extreme case ; but since it is reported among the greatest 
deep-sea casts, it will serve best for illustration*. All other great 
casts of the lead which have been reported are subject to the same 
causes of error, which are to be found in this, some in a greater 
and some in a less degree ; so that it is not necessary for us to 
believe yet anything with regard to them, except that they 
gave no result. The sounding of Captain Denham was made 
with a lead weighing nine pounds, attached to a line one-tenth 
of an inch in diameter ; and it is reported that this lead descended 
to the depth of nearly nine miles in the sea without touching 
bottom. 

In accordance with a plan which originated with the lamented 
6. M. Bache, United States Navy, in 1846, in the explorations of 
the Gulf-stream, and which has constantly been followed since. 
Captain Denham noted the time of running out of the successive 
portions of the sounding-line during the nine hours of its sup- 
posed descent. According to these observed times of descent, 
the nine-pound lead communicated to the descending line at the 
depth of 3000 fathoms, or 18,000 feet, a velocity of two feet per 
second ; a result which is philosophically impossible, since the re- 
sistance of the water acting upon a line of this diameter, moving 
with a velocity of two feet per second, at the depth mentioned, 
amounts to more than three times the weight of the lead or shot 
used. It will hardly be necessary to enter into any argument to 
show that there can be no motion of descent when the resistance 
to that motion is three times the weight of the moving mass. 
Further, the observations show that the nine-pound shot and line 
were running with a velocity of two feet and a half per second 
at the depth of 2000 fathoms, or 12,000 feet. Here the result 
contradicts in quite as strong a manner the mechanical laws of 
the descent ; and in fact below 1000 fathoms, or 6000 feet, if 
we credit the observations, a velocity was observed in the running 
out of the line which it was impossible for the lead to communi- 
cate to it« In fact but a small part of that velocity could hfty« 

* Lieut. Maury discusses these deep casts in his sailing directions ; but his 
rules for arriving at the depth do not seem to me to be entirely satisfoctorjr. 
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been produced by tbe descent of the lead. Hete we have a reli- 
able result to the depth of 1000 fathoms only. The diflferenee 
between this result and the conclusions of Captain Denham is 
simply the difference between one mile and nine miles. 

In measuring the distance to the sun, an error of eight miles 
would hardly be worth noticing, perhaps ; but what conclusions 
can be drawn from a measurement in which the probable error 
amounts to eight times the whole distance ? 

Popular ideas with regard to the sinking of bodies in the sea 
have heretofore been vague, — for the reason, perhaps, that the 
laws which govern this descent, and which are derived from the 
well-known laws of fluids, have never been fully defined in 
their application to the depths of the ocean. Some imagine that 
ships which founder at sea, sink to a certain depth, and there 
float about until broken to pieces, or thrown upon some bank 
beneath the sea; and, indeed, a recent writer in England has 
published a book sustaining this absurd notion. Others, again, 
believe that the buoyant force of the water at great depths is enor- 
mous, and due to the whole pressure of the column of water 
above, and that all bodies which are lighter than water at the 
surface, will, if sunk to the bottom and detached from the sinker, 
shoot upward with a great velocity ; or, in other words, that the 
density of the water increases directly with the depth. These 
views are erroneous. It is true the pressure increases with the 
depth, to the amount of fifteen pounds upon every square inch 
for every thirty-four feet in depth ; but the density is not thereby 
sensibly increased, owing to the incompressibility of the water ; 
so that neither the buoyant force, nor the resistance to the mo- 
tion of any body, are sensibly increased from the surface to the 
bottom. At the depth of 3000 fathoms, for instance, the pres- 
sure upon a square inch is nearly 8000 pounds, but the column 
of 18,000 feet of water is only shortened about 60 feet : the den- 
sity is thus but slightly increased ; but the eflect of this enormous 
pressure upon compressible bodies, as air, wood, &c., is to con- 
dense them into a smaller bulk, by which they may be rendered 
heavier than water, and will sink of their own weight. A piece 
of wood cannot float at the bottom of the sea; but a very slight 
extraneous force will bring it to the surface. 

Now, how is it with the sounding-lead and line ? The lead, 
if allowed to descend alone, will fall with a uniform and rapid 
velocity to the bottom. This velocity will be attained within a 
few feet of the surface, and will be due to the opposing forces of 
gravity and the resistance of the water, which will be balanced 
when the uniform velocity is reached. But if a line be attached 
to the lead, a few hundred feet of the line will offer a resistance 
to the motion nearly-equal to the whole weight of the lead ; and 
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as successive lengths of line ttre drawn into the water, the re- 
sistance is constantly increased ; so that at 2000 or 3000 fathoms 
depths the weight will be almost entirely suspended in the sea 
by the resistance of the water along the sides of the line. 

Some idea of the resistance which opposes the motion of a 
sounding line may be formed from the fact, that upon 1000 fa« 
thorns of a line one-tenth of an inch in diameteri moving with a 
velocity of three feet per second, the resistance is between twenty** 
five and thirty pounds. And if the velocity be increased to six 
feet per second^ the resistance upon the line becomes a hundred 
pounds nearly* Or, if the length of the line be doubled, with 
the same velocity, the resistance is doubled; and it ia also 
directly proportional to the diameter of the line* 

These are some of the reasons why an improvement in the 
mode of measuring the depths of the sea is not only desirable, 
but necessary, before a certain knowledge of those depths can 
be obtained. 



XIII. On the Direction of the Vibrations of a Polarized Ray. 
By Professor Challis*. 

THE existing state of the question as to the direction of the 
vibrations of a polarized ray, so far as that question has 
been considered on the principles of the theory of light which 
ascribes the phsenomena to the oscillations of the discrete atoms 
of the luminiferous medium, cannot perhaps be better stated than 
by quoting the following passage from Dr. Lloyd's ' Address ' at 
the Meeting of the British Association at Dublin in 1857 :— ^ 

^' The vibrations of a polarized ray are all parallel to a fixed 
direction in the plane of the wave; but that direction may be 
either parallel or perpendicular to the plane of polarization. In 
the original theory of Fresnel the latter was assumed to be the 
fact; and in this assumption Fresnel has been followed by 
Cauchy. In the modified theories of MaeCullagh and Neumann, 
on the other hand, the vibrations are supposed to be parallel to 
the plane of polarization. This opposition of the two theories 
was compensated, as respects the results, by other differences in 
their hypothetical principles ; and both of them have led to con- 
clusions which observation has verified. There seemed, therefore, 
to be no means left to the theorist to decide between these con- 
flicting hypotheses, until Professor Stokes, recently, in applying 
the dynamical theory of light to other classes of phsenomena, 
found one in which the effects should differ on the two assump* 
tions. When light ia transmitted through a fine grating, it is 

* Commumcated by the Author. 
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tamed aside^ or diffracted^ according to laws which the wave- 
theory has explained. Now Professor Stokes has shown that^ 
when the incident light \s polarized, the^/ane of vibration of the 
diffracted ray must differ from that of the incident^ the two 
planes being connected by a very simple relation. It only re- 
mained^ therefore^ for observation to determine whether the 
planes of polarization of the incident and refracted rays were 
similarly related^ or not. The experiment was undertaken by 
Professor Stokes himself^ and he has inferred from it that the 
original hypothesis of Fresnel is the true one ; but^ as an oppo- 
site result has been obtained by M. Holtzmann on repeating 
the experiment^ the question must be regarded as still undeter- 
mined. The difference in the experimental results is ascribed 
by Professor Stokes to the difference in the nature of the gra- 
tings employed, the substance of the diffracting body being sup- 
posed to exert an effect upon the polarization of light, which is 
diffracted by it under a great obliquity. I learn from Professor 
Stokes that he proposes to resume the experimental inquiry, and 
to test this supposition by employing gratings of various sub- 
stances. If the conjecture should prove to be well founded, it 
will,^unfortunately, greatly complicate the dynamical theory of 
light.^^ 

It must be admitted that the question thus presents a very 
unsatisfactory aspect. Considering the amount of talent that 
has been brought to bear upon it, and the great length of time 
during which it has been under discussion, I feel confirmed by 
the above statements in the opinion I have long entertained, 
that there is no foundation for the oscillatory theory of light. 
The having recourse to a diffraction experiment to settle a point 
which it is scarcely possible that a good theory applied to any 
instance oi polarization could leave undecided, appears to be 
only a symptom of a failing theory. It must be borne in mind 
that in this theory the constitution of the luminiferous medium 
ia entirely hypothetical^ and that the hypotheses were framed 
expressly to account for transverse vibrations, which were found 
by experiment to be necessary to explain certain phsenomena of 
light. It is not likely, I think, that this course would have been 
ti^en, if it had been known in FresnePs time that the free vibra- 
tions of a medium constituted like air, are both longitudinal and 
transversal, as I have shown to be the case on the principles of 
liydrodynamics. Since, therefore, the hypothetical medium of 
the oscillatory theory has hitherto failed to determine in what 
direction the vibrations of a polarii^ed ray take place, it seem^ 
to be the proper time to inquire what answer the question 
receives from tiie undulatory theory of light treated according 
to liydrodynamioal principles. This is what I now propose to do. 
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In the mathematical theory of vibrations given in two papers 
contained in vol. viii. part 3 <rf the Cambridge Philosophical 
Transactions^ and in a communication to the Philosophical Ma* 
gazine for December 1852^ I have shown that the free vibrations 
of an aeriform medium in their simplest form^ consist of longi- 
tudinal vibrations parallel to an axis^ and transverse vibrations 
which at each instant are the same in a given transverse plane 
at all equal distances from the axis. The longitudinal velocity 
V, the transverse velocity w^ and the condensation a, at any 
point whose coordinates along and perpendicular to the axis are 
z and r at the time t, are expressed by the equations^ 

^=— ^cos^ {^-/cat+c), 

Respecting the function/, it is only necessary to remark for 
my present purpose, that the vibrations that cause the sensation 
of light are only those for which r is very small compared to \, 
so that only the first two terms of the above series are significant. 
The motion considered is, therefore, that along and immediately 
contiguous to the axis, which is distinguished from the rest of 
the motion by the analytical circumstance that the differential 
function ydz'\-wdr is more nearly an exact differential in pro- 
portion as r is less. (See Proposition X. in the communication 
to the Philosophical Magazine of December 1852.) If, now, an 
unlimited number of such vibrations, having the same values 
of X, be propagated with their axes very close to each other 
and all parallel to the common direction of propagation, the 
transverse motions will destroy each other, and the result is 
simply a series of waves of longitudinal vibration and alternate 
condensation and rarefaction. For the sake of distinction, let 
us cifidl the simple component vibrations wave-rays. By the 
principle of the coexistence of small vibrations, the wave-rays do 
not lose their individual character by being compounded in the 
manner just supposed. Hence if we would inquire what takes 
plaoe when the series of compound waves impinges on a refract- 
ing medium, we must first ascertain what happens to each wave- 
ray considered by itself, the total effect being the sum of the 
effects on the separate rays. This question appears to admit of 
the following answer. 

It will be assumed that the axis and all the parts of a wave- 
ray suffer refraction, on entering a medium^ according to the 
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ordinary law^ and that the character of the ray is pot altered in 
other respects. It will be necessary^ first, to determine on this 
hypothesis the ratio of the condensation of a given portion of a 
givai wave before intromittence, to the condensation of the same 
portion in the medium. For this purpose let us select a small 
rectangular portion, such that it has an edge, of length ^^i, per* 
pendicmlar to the plane of refraction, a second, of length rfg, 
parallel to the direction of propagation, and the third, which 
will be parallel to the plane front of the wave, of length d^. 
Let s be the mean condensation of the rectangular parallelo- 
pipedon before intromittence into the medium, and sf its mean 
condensation after; and let d'l, d'^, rf'g be the lengths of the 
edges in the latter case. Then by the law of refraction^ ^ and 
^' being the angles of incidence and re&action^ 



^-1 and ^-5^ 



Also, since a given number of waves without the medium are 
compressed after entering the medium within a space which is 
less than the space they occupied before in proportion to the less 
velocity of propagation, we have 

da sin <& 1 ^1 ^1 da da sin d) cos <b 

^=^' and consequently ^±^^=_J_|,. 

But the quantity of condensation remains the same, if we neglect 
the Ibsa by reflexion, and the increment caused by the occupa- 
tion of space by the atoms of the medium. Hence we shall 
have nearly, 

sf __'dxd^d^ _ sin <f) cos <f> 

s "" d\d'^d'^'' sin (jJ cos ^'' 



Consequently 



, sin 20 
*^""*-sin2(^'' 



In the particular case in which sf=:s, <f> and ^' are complements 
of each other, and fju being the index of refraction^ 

sin . , 
Its: -: — yr as tan o. 
'^ sm0' ^ 

According as is less or greater than this critical value, s! is 
greater or less than 8. 

Now supposing the wave-ray to be incident on the medium, 
reflexion necessarily takes place at the surface, on account of the 
9udden retardation which the vibrations there undergo by the 
aggregate effect of occupation of space by the atoms of the me- 
dium, and the obstacles they present to the free motion of the 
fluid. The Teflexion, in this, as in ev^ry instance^ is due to an 
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abrvpt change of condensation caused by a break of continuity 
of the circumstances of the fluid. So far as the sudden retarda- 
tion acts in the direction of the axis of the wave-ray^ it produces 
reflexion^ but no polarization^ because this action is symmetrical 
with respect to the axis. Reflexion also takes place by a sudden 
retardation of the traneverse vibrations^ because such retardation 
causes a sudden increment of condensation or rarefaction along 
the axis and contiguous parts. (The efiect of transverse action 
is considered in a communication to the Philosophical Magazine 
for Febniary 1853, under Proposition XIII.) If the transverse 
vibrations be resolved in directions perpendicular and parallel to 
the plane of refraction, no polarization appears if the retardations 
of the two sets of vibrations are equal. Polarization is in pro- 
portion to the difference of the retardations, because, if such dif- 
ference exists, the actipn on the wave-ray is not symmetrical 
about its axis. The plane of polarization is coincident with the 
plane of refraction, because the retarding action is symmetrical 
about this plane. 

These preliminaries being admitted, it may next be shown 
that polarization must be produced in every case of reflexion by 
oblique incidence. For the transverse vibrations perpendicular 
to the plane of refraction are suddenly impeded at the surface 
of the medium, without any opposite action in this direction, 
because, as we have seen, di before re&action is the same as d\ 
^fter. As this is the case for every value of <f), this set of vibra- 
tions always gives rise to reflexion. The other set of transverse 
vibrations are also impeded, so far as the action of the medium 
is concerned ; but simultaneously with the increase of condensa- 
tion or rarefaction by this action, a decrement is caused by the 
change of d^ into the greater value ^'g, and the consequent dis- 
persion of the condensation or rarefaction over a larger space. 
The reflexion is due to the excess of the former action above the 
other. Hence the transverse vibrations of the reflected wave-ray 
perpendicular to the plane of reflexion, since they suffer no such 
diminution, are greater than those parallel to that plane ] that 
is, the reflected ray is partially polarized. 

In the particular case in which tan<^=/^, it has been shown 
that sf=s. In this case the medium has no tendency to check 
either the longitudinal vibrations, or the transverse vibrations in 
the plane of reflexion. Consequently there is no reflexion of 
transverse vibrations in this plane, and the reflected ray is com- 
pletely polarized. If this completely polarized ray be received 
at the same angle of incidence on the same substance, the plane 
of refraction being turned through 90°, as there will be no action 
to check either the direct or the transverse vibrations, there will 
be no reflexion whatever, as is known to be the fact. 
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I am not aware that any other theory of light has aooounted 
for complete polarization by reflezionj when the angle of inci- 
dence is such that tan ^ss^. 

It is evident from the above results that this theory gives the 
following answer to the question under consideration : — If the 
plane of reflexion of a ray completely polarized by reflexion be 
called the plane of polarization^ its transverse vibrations are per^ 
pendicular to the plane of polarization. 

Since the angle of incidence for complete polarization of a 
reflected ray is found by measurement to have the above value, 
which the theory gives on the hypothesis that the atoms of the 
refracting medium occupy a small space compared to the vacant 
space, the accordance of the theoretical result with fact is an in« 
cidental confirmation of that hypothesis. 

Cambridge Obaerratoiy, 
January 13, 1859. 



XrV. On the Rotation of Metallic Spheres by Electricity. By 
George 6oaE| Esq. From a letter addressed to Dr. Benc« 
Jones'^. 

IT has occurred to me that the phsenomenon of the rolling ball, 
described in the Supplemeoitary Number of the Philoso- 
phical Magazine of July last, forms a good illustration of the in- 
fluence of the element time in the production of physical phaeno- 
mena, which Mr. Faraday has so frequently insisted upon. 

By reference to the description of the experiment, it will be 
fouud that the ball moves continuously in one uniform direction, 
and that it will move in either direction with equal facility. The 
explanation given of the motion in the article referred to, is that 
it appears to be due to an intermittent electro-thermic action 
taking place at the pointsof contact of the ball and rails at a minute 
distance behind the line of centre of gravity of the ball, t. e. that 
the passage of the electric current through the points of contact 
produces heat, and the heat causes motion by expanding into 
small protuberances the surfaces of the ball and rails at those 
points. It is evident that if the passage of the current, the heat, 
and the expansion, occurred simultaneotisly, without any period 
of time (however small) elapsing between them, the expansions 
would take place precisely nnder the centre of the ball, and the 
ball would have as great a tendency to move in one direction as 
in the other, and the progressive revolving motion would not be 
sustained. But if we suppose that a minute period of time is 
occupied in the production of the heat by the electricity, or of 

*. Commumcated by Qr. B^ace Jones. 
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the expansion by the heat, or by both of these, then the phseno- 
menon of motion (as obtained) becomes immediately intelligible; 
for during this period the ball has by its momentum moved for- 
ward a minute distance, and the expansion, instead of remaining 
simply a lifting power, becomes a propelling 6ne by occurring at 
a small distance behind the line of centre of gravity of the ball ; 
or, in other words, the maximum of expansion is always a little 
behind this point. 

It has occurred to me, that, as the heat produced is that of con- 
duction-resistance, the velocity of motion might perhaps be in- 
creased by using a ball composed of inferior conducting metal ; 
and I have constructed balls similar in size to the one described, 
but composed of iron, also of nickel-silver. The iron ones were 
superior to those of copper, and the German-silver ones were 
better still. The nickel-silver balls invariably overtook the 
others if placed with them upon the same rails. A copper ball, 
weighing 376 grains, acted quite slowly, moving only about 19 
feet per minute, while others of iron or of German-silver, weighing 
from 800 to 1000 grains each, moved at speeds varying from 30 
to 42 feet per minute ; and the increase of velocity by increase 
of conduction-resistance appeared to be capable of still further 
extension. 

To further increase the velocity of motion, I have introduced 
into the apparatus the principle of action discovered by Peltier, 
termed electro-thermancy, by constructing balls composed of one 
hemisphere of iron and the other of nickel-silver, placing the 
iron half of the ball upon a nickel-silver rail, and the German- 
silver half upon an iron rail, and passing an electric current from 
the iron rail to the German-silver one, to generate heat of electro- 
thermancy in addition to that of conduction-resistance at the 
points of contact. In a number of experiments of this kind, I 
found that by first passing the current from the iron rail (through 
the ball) to the German-silver one in order to increase the heat, 
and then from the German-silver to the iron so as to decrease it, 
the velocities obtained were in the proportion of about 12^ to 14; 
but this requires further confirmation. 

It is highly necessary in comparative experiments to use balls 
that are smooth and perfectly free from oxide or greasy matter. 
Gilding the metals does not interfere with the action, and is an 
advantage by preventing oxidation. 

8 Broad Street, BinniDgfaam, 
November 22, 1858. 

Note to Mr. Gore's Paper, 
The following appears to us to be an analysis of the interest- 
ing experiment so clearly described by Mr« Gore :«-'8uppose;. 
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firsts the ball to be steady atid the electric current to pass. Now 
posh the ball forward — uiere is rupture of contact and a spark 
behind the new point of contact ; a nipple suddenly emerges from 
the metal at the point wherb the spark occurs and pushes the 
ball forward. It is doubtless to this incessant rupture of con- 
tact that the crackling noticed by Mr. Gore is due. Mr. Gore 
confines his attention to electric conduction ; but bad conductors 
of electricity are also bad conductors of heat — at least among 
the metals. That a bad conductor of heat produces a better 
eflfect than a good one, is a perfect illustration of the justice of 
Faraday's remark regarding the influence of bad conduction in 
the experiment of Trevelyan, namely, that it confines the heat to 
the neighbourhood of the surface, and therefore increases that 
local expansion which keeps up the motion. — J. T. 

XV. Note on the Stratifications of the Electric Light. 
By Messrs. Quet and Seguin*. 

AS the cause of the luminous stratifications obtained with 
Ruhmkorflf's induction apparatus is not yet known, it is 
perhaps not useless to endeavour to reproduce the phaenomena 
from other sources of electricity, and to modify them by means of 
external agents. Messrs. Grove and Pliicker have already tried 
the action of the magnet on the stratified light. 

Stratifications obtained with the Electric Condenser. 

If a Leyden jar be discharged through a cylindrical Geissler's 
tube, a wave of light is obtained which is usually dazzling, and 
in which stratifications are not observed. After the first dis- 
charge, it is easy to obtain two or three others, each of which 
gives a wave of stratified light throughout the length of the 
tube : the same phsenomenon is obtained at the first discharge 
if the jar be feebly charged. 

The luminous stratifications may be produced by converting 
the Geissler's tube into a condenser by means of a covering of 
tinfoil. The tube is charged like a Leyden jar, by passing the 
electricity of an ordinary plate machine, either into the very rare- 
fied gas which it contains, or on to the armature of tin, the second 
conductor of the tube being placed in communication with the 
earth. The discharge of this apparatus produces in the tube a 
wave of stratified light ; and strata are seen either on the covering 
of tinfoil, or on the part of the tube left exposed between the 
envelope and the electrode which is discharged on it. After the 
first, four or five other feebler discharges may be produced, all 

* Translated by Dr.E. Atkiason, from the Comptes Rendus, December 13, 
.1858. 
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of whieh exhibit the phnDomena of luminous strata : the experi- 
ment also succeeds when the tinfoil is replaced by the hand. 
The electrophorus is sufficient to charge the tube ; but when the 
machine is used^ the armature of tin and one of the electrodes 
must be arranged so that the discharge takes place of itself, and 
thus the appearance of the wave of stratified light is frequently 
renewed. With a simple winding of metal wire applied on the 
tube instead of the tin, and communicating with the earth, some 
strata are produced. 

Action of Conductors on Electric Currents, which produce either 
stratified or unstratified Light. 

When the current of an induction coil is passed through a 
Geissler^s tube, by connecting the two extremities of the induced 
wire with the electrodes of the tube, stratified light is immedi- 
ately obtained. But if only single contact be made, and sparks 
drawn at the other electrode, there is obtained in the place of a 
stratified wave, a luminous wave without perceptible interruption, 
whose diameter is less than that of the tube. This stream con- 
tinues to show itself always at the negative pole : sopetimes it 
extends from one pole to the other; occasionally, besides the 
continuous wave, luminous strata are seen, which commence at 
a greater or less distance from the negative electrode and extend 
to the positive electrode. The length of the part of the tube 
occupied either by the continuous light or by the stratified light 
depends on the movement of the hammer, and on the density of 
the pile, on the force of the induction apparatus, and on the ex- 
plosive distance from the pole of the tube ; and the two dis- 
charges may ^ be established at pleasure in the tube. With a 
feeble pile, and holding the hammer with the finger, the wave 
may be made continuous from one end to the other ; by exerting 
on the hammer sufficient pressure, brilliant stratifications are 
produced with an almost dark space round the negative pole« 
Conductors brought near to the tube are not without influence 
on the two kinds of discharges, which Mr. Grove has already 
distinguished from one another. 

When the stratified light is produced by the contact of two 
ends of the induced wire with two ends of the tube, if two fingers 
be apphed to the tube so as to encircle it, or if it be covered with 
tinfoil communicating with the ground, it is seen that the lumi* 
nous strata recede from each other in front of the conductor on the 
side of the positive pole,, and at the edge of the conductor a very 
large dark space is produced. This effect is the more delica(te 
the nearer the conductor is to the positive pole. It depends 
also on the force of the pile, and on the movement of the ham- 
mer. By supporting the hammer and using a feeble pile, the 
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dark interval may attain a length of 6 centimetret. When the 
tinfoil or the fingers are caused to glide towards the positive 
pole^ it appears as if the strata in front merge into each other, 
whereas they appear to recede from each other if the conductor 
moves towards the negative pole. 

A very marked effect of conductors on the stratified light is 
obtained when the fluid of the inductive machine comes into 
the tube by one of the poles only, the other pole and the other 
end of the wire being insulated. The luminous strata are then 
very feeble ; if the tube be encircled by the hand without touch* 
ing, their cUameter diminishes ; they appear contracted towards 
the axis of the tube, but are more distinct. If the hand be 
pressed on the tube, or if a piece of tinfoil not insulated be 
affixed, the light becomes fee^ble between the conductor and the 
inactive electrode, but on the side of the active electrode the 
strata become more brilliant. At the same time, if the active 
electrode be positive, there appears on this side, at the edge of 
the tinfoil, a large dark space, as if this edge had become the 
negative pole. 

The wave of continuous light, obtained by drawing sparks on 
one end of the tube while the other is in contact with the induced 
wire, is also influenced by external conductors. The hand which 
encircles without touching the tube, contracts the wave towards 
the axis. The contact of the fingers spreads it into a spindle ; 
and if the pile be not very strong, the internal hght appears to 
press against the glass in front of the external conductor. In 
the last case, the tube being simply taken between two opposite 
fingers, the continuous wave appears to undergo a disruption, 
and, further, not far from the positive pole, a brilliant layer is 
seen to be produced. By touching another section with two 
other fingers, a second rupture is effected, which produces the 
appearance of a second luminous stratum. Often the stratified 
wave which occupies that part of the tube near the positive pole, 
pushes the strata to a junction with those which the influence 
of the fingers has produced. 

When only one of the poles is active, if the tinfoil which en- 
velopes part of the tube be touched by the free extremity of the 
induced wire, the space situate between the tin and the inactive 
pole becomes much darker, and the other increases in brilliancy ,• 
at the same time there is produced on this part, that is, at the 
side of the active pole, a system of very complicated stratifica- 
tions, which may be accounted for by supposing that each time 
that the hammer of the induction apparatus rises, two inverse 
and successive currents are propagated in the tube. The second 
of these currents is given by the electricity of the tinfoil, which 
rejoins by the induced wire that of the tube. By raising the 
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hammer in the hand, the convexity of the strata is manifested 
sometimes in one sense, sometimes in the contrary, according 
as one or the other of these two currents predominates. 

It is well to observe that the conductors are electrified by in- 
fluence in these experiments. This is proved by insulating 
them, and making them communicate with an electroscope. 
Thus the tinfoil, when one of the poles is active and the second 
extremity of the induced wire is insulated, gives to the electro- 
scope an electricity like that of the active pole. If the insulated 
extremity of the induced wire touches the tinfoil, the electroscope 
is charged with the electricity given by this wire to the con- 
ductor ; the experiment must be made with attention, for the 
electricity appears alternately to approach and recede from the 
electroscope. This instrument may also be charged with the 
tinfoil when the two poles of the tube are active. 



XVI» A Proof that every Eqrmtion has as inamf Roots as it has 
Dimensions. By Professor Challis*. 

IT will probably be conceded that this theorem, which has 
been the subject of so much discussion, will receive a legi- 
timate proof, if a method, however operose, be indicated, by 
which as many roots of any numerical equation as there are di- 
mensions can be actually found, whether they be possible or 
impossible, and at the same time it be shown that no other 
quantities are roots. It might perhaps be questioned whether 
any other kind of proof does not involve a petitio principii. 

The method I am about to propose rests on the following 
algebraic principles. Algebra consists of two parts, the distinc- 
tion between which is seldom marked with sufficient clearness in 
algebraic treatises. One part is wholly concerned with rules of 
operation and the generation of diflferent kinds of symbolic 
representation of quantity, and is preparatory to, and indepen- 
dent of, the other part, which entirely consists in the formation 
and solution of equations. In the former the sign of equality 
means identity of the functions it separates, under difference of 
forms ; in the latter the same sign means equality of value for 
certain values of an unknown quantity. These two significations 
might with advantage be distinguished by a difference in the 
sign. One of the most important and general results deducible 
from the operations of the first part of algebra is, that every 
function can be reduced to the form A-fBV— 1, A and B 
standing for algebraic functions which en demihre analyse are 
positive or negative numerical quantities. Now when in form- 
* Communicated by the Author, 
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ing an equation^ ^Js put for the unknown quantity^ and is ope- 
rated upon hy the rules of the first part of algebra^ the necessary 
consequence is^ that by the operations x acquires an algebraic 
expression. Hence to include every form that it can have^ we 
may substitute for x in any equation yi[a?)=0, the general alge- 
braic symbol r + yi^^l. This substitution is legitimate also 
in another respect^ because when the equation is thereby trans-r 
foroied into one of this form« 

we must have separately, 

4>[^y y^) =0 and y . '>^[z, y^)=0; 
and thus there are two equations for determining the values of 
the two unknown quantities z and y. The second of these equa- 
tions vanishes if y =0, in which case the other equation becomes 
identical with the original equation. But the value y = applies 
whenever the original equation has possible roots. This trans- 
formation, therefore, does not help us to find the possible roots 
of/(a?)=0. As, however, this equation is by hypothesis nume- 
rical, there are always means of &iding the possible roots. For 
instance, by substituting consecutive numerical values for x, 
separated by sufficiently small differences, and extending far 
enough positively and negatively, every possible value of an will 
be detected, and may by the ordinary modes of approximation 
be obtained as accurately as we please. When one such value a 
is found, the equation may be reduced one dimension by divi- 
ding hy x—a. As the equation may contain equal roots, it must 
be ascertained by trial whether the same quantity is a factor of 
derived equations. The number of equal roots is thus found, 
and the dimensions of the equation may be reduced accordingly. 
The same process must be gone through for all the other possible 
roots. Thus the residual equation, Xi(^)=0, will contain no 
possible root, and be of lower dimensions than the original equa- 
tion by the number of possible roots in the latter. If j? + y v^ — 1 
be now substituted for x in the equation j^,(a?)=0, and the two 
resulting equations be 

y can no longer be supposed zero, because in consequence of the 
preceding operations, Xi(a?)=0 contains no possible roots. Hence y 
must have a possible value different from zero, and z a correspond- 
ing possible value such that the two values satisfy the equations 
4>ii^f y*) =0 and '>lr^(z, y*) =0, at the same time that jgr-f-y \/^^ 
satisfies the equation Xi(^)=0. These are necessary conse- 
quences of the legitimate assumption, that the x of every equa- 
tion stands for an algebraic expression. Hence after eliminating 
Phil. Mag, S. 4. Vol. 17. No. 112. Feb. 1859. I 
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z from the above two equations^ we may obtain a possible value 
of xp" from the resulting equation by methods of approximation. 
Then substituting this value in one of the equations^ we must 
obtain by the sam e me thods, the corresponding possible value of 
Zy such that z-\-y V ^\ is found to satisfy the equation ;^, (a?) = 0. 
The solution gives +y and — y simultaneously, because, as is 
known by other reasoning, impossible roots enter equations by 
pairs. Thus a quadratic factor of y^^ (ar) =0 is found,and the equa- 
tion may be put under the form Q, .XaW— ^' ^^^ equation 
yj^x) =0 may be treated in exactly the same manner, and so on, 
till a number of quadratic factors be found equal to half the di- 
mensions of Xi(a?) =0. Hence if the dimensions be 2», we shall 
have Xi(^) = Qi . Qa . Qa . . . Q»=0. There cannot be more 
quadratic factors than these, because if there were, the dimen- 
sions of their product would exceed the dimensions of Xi(a7) ; 
and there cannot be different factors from these, because if 
any other quadratic factor divided Xi(^), it must also divide 
Qi • Qg • Qs • • • Qn^ which is impossible, because, not being iden- 
tical with any one of these factors, it is prime to each. Conse- 
quently the number of the impossible roots is equal to the dimen- 
sions of ;^i(a?) ; and the whole number of roots, possible and impos- 
sible, is equal to the dimensions of the given equation /[«a?)=0. 

The complete solution of the equations <^,{a?, y*) =0 and 
'^i(j2r, y^)=0, might give corresponding values oi z and y, one 
OT bot h of which might be impossible, and yet be such that 
z-\-y^ — \ would satisfy the equation v^ (a?) =0. It suffices for 
the foregoing argument, that there will always be one set at 
least of corresponding joo55ift/e values of z and y, which will make 
z-^y^ — \ satisfy the same equation. 

A method, practically possible, of finding as many roots of 
any proposed numerical equation as the equation has dimensions, 
having been indicated, and the impossibility of finding more 
having also been shown, it may be concluded generally that 
every equation has as many roots as dimensions. 

Cambridge Observatory, 
January 19, 1869. 

XVII. On the Hardness of Metals und Alloys, By F. Crace 
Calvert, M,R.A, of Turin, F.C.S, ^c. ; and Richard 
Johnson, F.C.S, ^c* 

THE process at present adopted for determining the compara- 
tive degree of hardness of bodies, consists in rubbing one 
body against another, and that which indents or scratches the 

* From the Memoirs of the Literary and Philosophical Society of Man- 
chester, vol. XV. Session 1857-68. 
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other is admitted to be the harder, of the two bodies experimented 
upon. Thus, for example. 



Diamond, 


Iron, 


Topaz, 


Copper, 


Quartz, 


Tin, 


Steel, 


Lead. 



This method is not only very unsatisfactory in its results, but 
it is also inapplicable for determining with precision the various 
degrees of hardness of the diflferent metals and their alloys. We 
therefore thought that it would be useful and interesting if we 
were to adopt a process which would enable us to represent by 
numbers the comparative degrees of hardness of various metals 
and their alloys. 

To carry out these views, we devised the following apparatus 
and method of operating. The machine used is on the principle 
of a lever, with this important modification, that the piece of 
metal experimented upon can be relieved from the pressure of 
the weight employed without removing the weight from the end 
of the longer arm of the lever. The machine consists of a lever, 
H, with a counterpoise, B, and a plate, C, on which the weights 



ii^« '<«• W 'tii t 




are gradually placed. The fulcrum L bears on a square bar of 
iron A, passing through supports, E E. The bar A is graduated at 
a, and has at its end a conical steel point, F, 7 millims. or 0275 
of an itichlong, 5 millims. or 01 97 of an inch wide at the base, 

12 
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and 1*25 millim. or 0*049 of an inch 
wide at the point which bears on the 
piece of metal^ Z^ to be experimented 
on^ and this is supported on a solid 
piece of iron, 6. The support or 
point of resistance, W, is lowered or 
raised by the screw M ; and when, 
therefore, this screw is turned, the 
whole of the weight on the lever is 
borne by the support I and the screw 
M. When it is necessary, by turning 
the screw M, the weight on the lever 
is re-established on the bar, and ex- 
perimented upon. 

When we wished to determine the 
degree of hardness of a substance, we 
placed it on the plate G, and rested 
the point F upon it, noticing the 
exact mark on a on the bar A, and then gradually added 
weights on the end of the lever, C, until the steel point, F, en- 
tered 3-5 millims. or 0*128 of an inch during half an hour, and 
then read off the weight. A result was never accepted without 
at least two experiments were made, which corresponded so far 
as to present a difference of only a few pounds. The following 
Table gives the relative degree of hardness of some of the more 
common metals. We specially confined our researches to this 
class, wishing the results to be practically useful to engineers and 
others who have to employ metals, and often require to know the 
comparative hardness of metals and alloys. 




Names of metals. 


Weight 
employed. 


Calculated, 
cast iron 
=1000. 


Staffordshire Cold-blast Cast Iron 
— Grey, No. 3 


lbs. 

4800 

4600? 

4650 

1800 

1445 

1300 

1000 

880 

800 

520 

250 

130 


1000 

958? 

948 

375 

301 

271 

208 

183 

167 

108 

52 

27 

16 


Steel 


Wrouffht iron* ... .> 


Platinum 


CoDDer — ^Dure 


Aluminium 


Silver— pure 


Zinc do 


Gold do 


Cadmium do 


Bismuth do. , 


Tin do 


Lead do 


75 





* This wrought iron was made from the above-mentioned cast iron. 
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This Table exhibits a curious fact, vis. the high degree of hard- 
ness of cast iron as compared with that of all other metals ; and 
although we found alloys which possessed an extraordinary degree 
of hardness, still none were equal to cast iron. 

The first series of alloys we shall give is that of copper and 
zinc. 



ForauilK of aUoys and per-centages. 



fCu 82-95 1 

LZnl705/ 

fCu 79-561 

LZn 20-44/ 

fCu 74-481 

LZn 25-52/ 

fCn 66-061 

LZn33-94/" 

fCu 49-321 

LZn50-68/ 

rCu 32-741 / 

LZn 67-26/ \ 

fCu 24-641 / 

[Zn 75-36/ 1 

rCa 19-571 / 

LZn 80-43/ 1 

rCu 16-301 / 

LZn 83-70/ \ 



Weight 
employed. 



Um. 
2050 

2250 

2250 

2270 

2900 



Obtained, 
cast iron 



427-08 
468-75 
468-75 
472-92 
604-17 



Calculated*, 
cast iron 



280-83 
276-82 
27604 
261-04 
243-33 



Broke with 1500 lbs. without the 
point entering. 

Broke with 1500 lbs. with an im- 
pression ^ millim. deep. 

Entered a little more than the 
above ; broke with 2000 lbs. 

Entered 2 millims. with 1500 lbs. ; 
broke with 1700 lbs. 



These results show that all the alloys containing an excess of 
copper are much harder then the metals composing them^ and 
what is not less interesting^ that the increased degree of hardness 
is dae to the zinc^ the softer metal of the two which compose 
these alloys. Thi^ quantity of this metal must, however, not 
exceed 50 per cent, of the alloy, or the alloy becomes so brittle 
that it breaks as the steel pomt penetrates. We believe that 
some of these alloys, with an excess of zinc, and which are not 
foand in commerce owing to their white appearance, deserve the 
attention of engineers. There is in this series an alloy to which 
we wish to draw special attention, viz. the alloy Cu Zn composed 
in 100 parts of— 

Copper 49-82 

Zinc 50-68 

100-00 



* To calculate the hardness of an alloy, we multiplied the per-centage 
quantity of each metal by the respective hardness of that meta^ added the 



two results together, and divided by 100. 
hardness. 



The quotient is the theoretical 
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Although this alloy contains about 20 per cent, more zinc 
than any of the brasses of commerce^ still it is, when carefully 
prepared, far richer in colour than the ordinary alloys of com- 
merce. The only reason that we can give why it has not been 
introduced into the market is, that when the amount of zinc em- 
ployed exceeds 38 percent., the brass produced becomes so white 
that the manufacturers have deemed it advisible not to exceed 
that proportion. If, however, they had increased the quantity 
to exactly 50*68 per cent, and mixed the metals well, they would 
have obtained an alloy as rich in colour as if it had contained 
90 per cent, of copper, and^of a hardness three times as great as 
that given by calculation. In order to enable engineers to form 
an opinion as to the value of this cheap alloy, we give them the 
degrees of hardness of several commercial brasses : — 



Commercial brusei. 


Weight 
employed. 


Cast iron 
Obtained. 


BlOOO. 
Calculated. 


** Large Bearing" < 
"Mud plugs'' ...- 


Copper 8205 
*Tin 12-82 
Zinc 6-13 
Copper 80 
♦Tin 10 
Zinc 10 


lbs. 
2700 

3600 


562 
750 


259 
262 


"YeUow Brass" - 


r Copper 64 
Zinc »6 
Copper 80-0 


. 2500 


520 


258 




■ 






"Pumps and pipes" ' 


•Tin 5-0 
Zinc 7*5 
Lead 7-6 


1650 


343 


257 



The alloy Cu Zn possesses another remarkable property, vis. 
the faciUty with which it is capable of crystallizing in prisms 
half an inch in length, of extreme flexibility. There is no doubt 
that this alloy is a definite chemical compound, and not a mix- 
ture of metals, as alloys are generally considered to be. Our re- 
searches on the conductibility of heat by alloys, which we have 
recently presented to the Royal Society, leave no doubt that 
many alloys are definite chemical compounds. 

* These alloys all contain tin. 
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On Bronze Alloys, 



FormulM of alloys and per-centages. 



Weight 

employed. 



Obtained, 

cactiron 
= 1000. 



cactiron 
= 1000. 



CuSn» I 
CuSn* I 

CuSn2 I 
CuSn I 
SnCusj 
SiiCu3 i 
SnCu* I 
SnCu* 
SnCuW. 
SnCuW. 

SnCu». 



Ca 9731 

Sn 90-27 J 

Cu 11-861 

Sn 88-14/ 

Cu 15-21 1 

Sn 84-79/ 

Cu 21-21 1 

Sn 78-79/ 

Cu 34-981 / 

Sn 65-02/ t 

Cu 48-171 / 

Sn51-83/ \ 

Cu 61-791 / 

Sn 38-21/ 1 

Cu 68-271 / 

Sn31-73/ 1 

Cu 72-901 

Sn 27-10/ 

Cu 84-321 

Sn 15-68/ 

Cu 88-97 1 

SnllOS/ 

Cu 91-491 

Sn 8-51/ 

Cu 93171 

Sn 6-83/ 



lbs. 
400 

460 

500 

650 



83-33 

95-81 
10417 
135-42 



51-67 
59-56 

68-75 
84-79 



At 700 lbs. the point entered one-half, and 

the alloy broke. 
At 800 lbs. the alloy broke without the 

point entering. 
At 800 lbs. the alloy broke into small pieces 

(blue alloy). 
1300 lbs. divided the alloy into two pieces 
without the point having entered 1 millim. 

The same as the preceding. 



4400 
3710. 
3070 
2890 



916-66 
77292 
63958 
602-08 



257-08 
270-83 
277-70 
279-16 



The results obtained from this series of alloys lead to several 
conclusions deserving our notice. First, the marked softness of 
all the alloys containing an excess of tin ; secondly, the extraor- 
dinary fact that an increased quantity of so malleable a metal as 
copper should so suddenly render the alloy brittle, for the 

Alloy CuSn« 

or 

Copper 21-21 1 . . , .^^, 

ijij^*^ yg.^Q y IS not bnttle, 

whilst the alloy Cu Sn 
or 

Copper ^^'^^T is brittle 

Tin 65-02 J ^^ ^^*"*®- 

Therefore the addition of 14 per cent, of copper renders a bronze 
alloy brittle. This curious fact is observed in all the alloys with 
excess of copper, Sn Cu*, Sn Cu^, Sn Cu^, Sn Cu^, until we arrive 
at one containing a great excess of copper, viz. the alloy Sn Cu*^, 
consisting of copper 84*68, and tin 15*32, when the brittleness 
ceases ; but, strange to say, this alloy, which contains four-fifths 
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of its weight of copper^ is, notwithstanding^ nearly as hard as iron. 
This remarkable influence of copper in the bronze alloys is also 
visible in those composed of 

Sn Cu^^, containing 88*97 of copper. 
SnCu«>, „ 91-49 
SnCu«*, „ 93-17 

Copper acquires such an increased degree of hardness by being 
alloyed with tin or zinc, that we thought it interesting to ascertain 
if alloys composed of these two metals would also have a greater 
degree of hardness than that indicated by theory : we accord- 
ingly had a series of alloys prepared in equivalent quantities ; and 
these are the results arrived at : — 



Formulae of alloys and per-centages of 
«acb. 


Weight 
employed. 


Obtained, 
cast iron 
= 1000. 


Calculated, 
cast iron 

slOOO. 


ZnSn«|f»?'1f]. 


lb». 

aoo 

330 
400 
450 
505 
600 
580 


64-50 

68-75 

83-33 

93-70 

105-20 

12500 

120-83 


60-83 
82-70 
110-00 
124-58 
131-22 
142-08 
158-33 


\Sn78-35J 


I Sn 64-40 J 


IZnSSSlJ 

SnZn.^|°»rfU 


\Zn62-43j 

SnZn^n^'^i'I^l 


ou£*u -^zn 68-86 J 

SnZu^ll-^^f^U 


''"^" \Zn73-43i 

SnZni«||''l51lV..... 


oiiz.li "j^2n84-68j 



These results show that these metals exert no action on each 
other^ as the numbers indicating the degrees of hardness of their 
alloys are rather less than those required by theory. Our re- 
searches on the conductibility of heat by the three above series 
of alloys throw, we believe, some light on the great difference 
which the alloys of bronze present as compared with those of tin 
and zinc ; for we have stated above that the latter conduct heat 
as a mixture of metals would do, and not as the former series, 
which conduct heat as definite chemical compounds. 

We shall conclude by giving the degrees of hardness of two 
other series of alloys, viz. those composed of lead and antimony, 
and lead and tin. In the series of lead and tin, we find that tin 
also increases the hardness of lead, but not in the same degree 
as it does that of copper. 



Digitized 



byGoogk 



Hardness of Metals and Alloys. 



121 



Lead and Antinum/^ 





Weight 
employed. 




nsvi^UZ\ 


lbs. 

875 - 

500 
385 
310 
300 
295 


Entered 2-5 millims. with 
800 lbs. ; then broke. 

Entered 2*7 miUims. with 
800 lbs. ; broke with 900 
lbs. 

Entered 2*5 millims. with 500 
lbs.; broke with 600 lbs. 


i^uou ^sb 75-69 J 

PbSb^iP^28«41 


PbSb3nj34?61 ^ 


^" " \Sb6ol4r 

pbsb«nj^f5?t 


ruou--j sb 55-47 J 


\Sb38-39j 

sbPb«/pj?2in 


^"^"^\Sb23-68j 

^.pKs/Pb 82-801 


\Sb 17*20/ 


" " I Sb 13-48 J 

QHPw/Pb88 92\ 


ouiru-^g^jj.^gj 



Lead and Tin, 



Fonntdse of alloys and per-centages. 


Weight 
employed. 


Obtained, 
cast iron 
= 1000. 


Calculated, 
cast iron 
»1000. 


PbSn'U''2«-^y 


lbs. 
200 

105 

160 

125 

100 

125 

135 

125 

110 


41-67 
40-62 
32-33 
2604 
20-83 
2604 
28-12 
2604 
22-92 


23-96 
23-58 
22-83 
2009 
19-77 
18-12 
17-23 
1708 
16-77 


\Sn 73-97/ 

PbSn«n'>30-6n 


Pbsi.'/P'' !«•»?]. 


'^"^'^ 1 Sn6301J 
PbSn>;f''*«?f]. 


'^" " \Sn53-18j 

pbsn/p" ««•'»; 


'^"°'' ISn 36-22/ 
SnPb'jP''"-??]- 


^"""^ \Sn 22*11 j 

SnPb»ir?f2?l 


*'"^"^\Snl5-91 J 

snPb4p^?r^n 


^" " I Sn 12-43 J 

snPb»n*>?2:2J!l 


^"'^*^\SnlO-20j 



We have great pleasure in thanking here Mr. Simeon Stoiko- 
witsch^ F.G.S.^ for his valuable assistance during these long re- 
searches. 



Digitized 



byGoogk 



[ 122 ] 

XVIII. On lodo-arsenious Add, 
By William Wallace, Ph.D., F.C.S., Glasgow*. 

THE results of a recent investigation on the compound of 
arsenious acid with chloride of arsenic^ to which I gave 
the name of chloro-arsenious acid t> have induced me to prosecute 
the inquiry whether similar combinations could be formed con- 
taining bromine and iodine. I have succeeded in obtaining a 
bromo-arsenious acid having a remarkably close resemblance to 
the chlorine compound ; but as my experiments on this inter- 
esting body are not yet completed, 1 reserve a description of them 
for a future communication. 

The iodine compound differs very much from those containing 
chlorine and bromine. I find that it has already been described 
as an arsenite of teriodide of arsenic by Plisson, and also by 
SeruUas and Hottot %; but neither of these authorities have 
given any analysis of it, nor do they appear to have understood 
its true nature. 

Iodide of arsenic is readily obtained by heating iodine with an 
excess of powdered metallic arsenic, and distilling or subliming 
the compound. It forms, as thus prepared, a brick-red cry- 
stalline mass ; but when distilled in an atmosphere of hydrogen, 
it is obtained of a yellowish-red colour, while a small portion of 
arsenic is set free, arising from the presence of traces of arsenious 
acid in the iodide. 

The iodide requires for solution at the boiling temperature 
3*32 parts of water. On boiling down this liquid, beautiful 
red-coloured crystals, consisting of pure and anhydrous iodide 
of arsenic, are obtained. 

When, however, the solution is allowed to cool slowly, thin 
pearly scales gradually separate : this compound is the subject 
of the present communication. It cannot be washed with water 
without partial decomposition, and is best dried by pressure be- 
tween folds of bibulous paper. When freed from the adhering 
red mother-liquor it is quite colourless, but it acquires a slight 
yellow tint on exposure to the air, owing to the separation of a 
minute quantity of iodine. On being strongly heated, it yields 
a sublimate consisting chiefly of teriodide of arsenic, while grey- 
coloured arsenious acid remains behind. The compound con- 
tains chemically combined water, which it loses completely over 
oil of vitriol. It cannot be dissolved in water without under- 
going decomposition. 

* Communicated by the Author. 

t "On Chloro-arsenious Acid and some of its Compounds/' Phil. Mag. 
November 1858. 
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Two quantities of the compoand were prepared, and submitted 
to careful analysis, after desiccation over oil of vitriol. The fol- 
lowing results were obtained : — 

I. II. 

Arsenic . . 57-90 58'7 4=300 58-25 

Iodine. . . 25-19 24-6 1 = 127 24-66 

Oxygen . .... ..• lla= 88 1709 

515 100-00 
The crystals consist therefore of iodo-arsenious acid, combined 
with 3 equivs. of arsenious acid, AsIO*, 3 AsO^. They may also 
be regarded as a compound of teriodide of arsenic with 1 1 equivs. 
of arsenious acid, AsP, 11 AsO^; but this constitution is not by 
any means a probable one. 

A portion of the crystals, dried as completely as possible be- 
tween folds of bibulous paper, lost 19 per cent, by desiccation 
over oil of vitriol. This agrees with 12 equivs. of water, giving 
for the composition of the crystals the formula 

AsI02,3A80S-hl2HO, or AsIO«, 3H0 + 3(As03, 3H0). 

When a large excess of hydriodic acid is present in the solu- 
tion of iodide of arsenic in boiling water, the crystals that sepa- 
rate on cooling consist, not of the compound described above, 
but of pure iodide of arsenic. It appears, therefore, that iodo- 
arsenious acid cannot be obtained except in combination with 
arsenious acid. 

I have endeavoured to form compounds with iodide of ammo- 
nium and iodide of potassium, but without success. The addi- 
tion of either of these salts to a cold saturated solution of iodide 
of arsenic, causes the formation of pearly crystals having the 
same composition as those obtained by cooling a hot saturated 
solution ; while boiling-down gives rise to the separation of the 
teriodide. 

XIX. On Poinsot^s four new Regular Solids. 
By A. Cayley, Esq."^ 

IT is shown by Poinsot, in the " Memoire sur les Polygones et 
les Polyedres," Jour. Polyt vol. iv. pp. 16 to 48 (1810), 
that, besides the regular polyhedrons of ordinary geometry, 
there are (of course in an extended signification of the term) 
four new regular polyhedrons, viz. an icosahedron, which I wiU 
call the great icosahedron (No. 33 of the Memoir), and three 
dodecahedrons, which I will call the great dodecahedron (No. 37), 
the great stellated dodecahedron (No. 38), and the small stel- 
lated dodecahedron (No. 39). The nature of Poinsot's genera- 

* Communicated by the Author. 
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lization will be best understood by conceiving, as he does, that 
the polyhedron is projected on a concentric sphere, so that the 
faces become spherical polygons. Then for the ordinary polyhe- 
drons of geometry, the sum of the angles at a vertex = 4 right 
angles ; but it may, according to the more general notion, be = e 
times 4 right angles. In like manner for the ordinary polyhe- 
drons, the sides of a. face subtend at the centre angles, the sum 
of which is = 4 right angles ; but according to the more general 
notion, this sum may be (viz. if the polygons are stellated) = «' 
times four right angles. And finally, the sum of the spherical 
polygons is ordinarily equal to the entire spherical surface ; but 
according to the more general notion, it may be = D times the 
spherical surface, (e is Poinsot's e; e! does not occur in Poinsot ; 
and, for a reason which will appear, I have written D for Poin- 
sot's E.) 

The new polyhedra are constructed as follows : — 
1. The great Icosahedron. — Each face is made up of seven 
faces, or rather four faces and six half faces of the ordinary ico- 
sahedron, in the manner shown 



by fig. 1 . There are, as in the 
ordinary icosahedron, five an- 
gles at each vertex ; but these 
make up together, not four, but 
eight right angles, or e = 2; 
but, as in the ordinary poly- 
hedra, ef=l; and the sum of 
all the faces is obviously seven 
times the spherical surface, or 
D = 7. (AlsoE=7.) 

2. The great Dodecahedron, — 
Each face is made up of five 
faces of the ordinary icosahedron 
in the manner shown by the 
figure 2. There are five angles 
at each vertex, and these make 
up together eight right angles, 
or e=2 } but, as in ordinary 
polyhedra, €^= 1 ; and the sum 
of all the faces is obviously 
12 X /ly, or three times the 
spherical surface, or D = 3, 
(Also E=3.) 

3. T^ great stellated Dodeca- 
hedron* — Each face is formed 
by stellating a face of the great 
dodecahedron in the manner 



Fig. 1. 




Fig. 2. 
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shown by fig. 8. There are, as in the ordinary dodecahedron, three 
angles at each vertex, and the „. ^ 

sum of these is simply four '^' 

right angles, or c=l. On 
account of the stellation, 
(f=2. Each of the project- 
ing parts of the face is equal 
^ of the face of the ordinary 
icosahedron ; and if we reckon 
the area of the stellated pen- 
tagon to be that of the inte- 
rior pentagon plus the pro- 
jecting parts, the area of the 
face will be 5 -f 4, or ^ of 
the face of the ordinary 
icosahedron; and the sum 
of the faces will be four 
times the spherical surface, and accordingly Poinsot writes E= 4. 
If, however, what seems preferable, we reckon the area of the 
stellated pentagon as five times the triangle, having for its vertex 
the centre of the face and standing upon a side (or what is the 
same thing, reckon the stellated pentagon as twice the interior 
pentagon plus the projecting parts), then the area of the face 
will be 10+1^ or ^- of the face of the ordinary icosahedron, and 
the sum of the faces will be seven times the spherical surface, 
orD = 7. 

4. The small stellated Dodecahedron, — Each face is formed by 
stellating a face of the ordinary dodecahedron, as shown by 
fig. 4. There are five angles at each vertex ; and the sum of 
these is four right angles, or ^=1. 
On account of the stellation, €f=2. 
The area of each of the projecting 
parts is ^ of the interior pentagon 
or face of the ordinary dodecahe- 
dron ; and, according to the first 
mode of measurement, the area of 
the stellated face is twice that of 
the face of the ordinary dodecahe- 
dron, and the sum of the faces is 
twice the spherical surface, and 
accordingly Poinsot writes E=2. 
But according to the second mode 
of measurement, the area of the stellated pentagon is three 
times that of the face of the ordinary dodecahedron, and the 
sum of the faces is three times the spherical surface, or we have 
D=8. 



Fig. 4. 
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I form now the following Table, comprising as well the ordi- 
nary five figures as the new ones of Poinsot, and where we have 

H, the number of faces. 

S, the number of vertices. 

A, the number of edges. 

n, the number of sides to a face. 

n\ the number of sides (angles) at a vertex. 

e, viz. the angles at a vertex make together e times four right 

angles. 
(fy viz. the angles which the sides of a face subtend at the 

centre of the face make together d times four right 

angles. 
E, viz. the faces make together E times the spherical surface, 

the area of a stellated face being reckoned (as by Poinsot), 

each portion being taken once only. 
D, viz. the faces make together D times the spherical surface, 

the area of a stellated face being reckoned as the sum of 

the triangles, having their vertices at the centre of the 

face and standing on the sides. 

The Table i 



Designation. 


9. 


S. 


A. 


n. 


n'. 


e. 


6'. 


D. 




E. 


Tetrahedron 


4 


4 


6 


3 


3 


1 


1 


1 








f Hexahedron 


6 


8 


12 


4 


3 


1 


1 


1 








Octahedron 


8 


6 


12 


3 


4 


1 


I 


1 








f Dodecahedron 


12 


20 


30 


5 


3 


1 


1 


1 








Icosahedron 


20 


12 


30 


3 


5 


1 


I 


1 




























r Great stellated dodecahedron... 


12 


20 


30 


5 


3 


1 


2 


7 






Great icosahedron 


20 


12 


30 


3 


5 


2 


1 


7 








r Small stellated dodecahedron... 


12 


12 


30 


5 


5 


1 


2 


3 






Great dodecahedron 


12 


12 


30 


5 


5 


2 


1 


3 




3 





where the figures which are polar reciprocals of each other are 
written in pairs : viz. as is weU known, the tetrahedron is its 
own reciprocal, the hexahedron and octahedron are reciprocals, 
and the dodecahedron and icosahedron are recipiX)C9ls ; more- 
over the great stellated dodecahedron and the great icosahedron 
are reciprocals, and the small stellated dodecahedron an.d the 
great dodecahedron are reciprocals. The number which I have 
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ealled D is reciprocal to itself; this is not the case for Poinsot^s 
E ; and I have not been able to define E in such a manner as to 
enable me to form the definition of a reciprocal number E' : this 
may be possible^ but in the mean time it seems better to dis- 
card E altogether^ and use instead of it the number D. 

Euler's well-known relation applying to ordinary polyhedra is 
S-fH=A4-2. 

Poinsot in his memoir has (by an extension of Legendre's de- 
monstration of Euler^s theorem) obtained the more general rela- 
tion, eS-|-H=A-h2E, 
which, however, does not apply to the two stellated figureswhere 
ef is different from unity ; the general form is 

^S-he'H=A-|-2D, 

which applies to all the nine figures. This applies to all poly- 
hedra, regular or not, which are such that e has the same value 
for each vertex, and el the same value for each face. To prove 
it^ we have only to further extend Legendre^s demonstration. 
If for any face, stellated or not, the sum of the angles is s, and 
the number of sides n, then, according to the foregoing mode of 
reckoning, the area of the face (measured in right angles) is 

5 + 4e'— 2n. 
Now the sum of all the faces is D times the spherical surface, 
=8D. But the sum of the term s is equal to the sum of the 
angles about each vertex, =4eS ; the sum of the term 4e' is 
=4e'H, the sum of the term 2n is four times the number of 
edges, =4A. Hence 4eS + 4e'H— 4A=8D, or eS-|-e'H = 2D. 
I remark that the small stellated dodecahedron and the great 
dodecahedron are descriptively the same figures, and that, if we 
represent the vertices by a, b, c, rf, e, /, g, A, i, j, p, y, and the 
faces by A, B, C, D, E, P, G, H, I, J, P, Q, then the relations 
of the vertices and faces is shown by either of the following 
Tables :— 



a i c rf e = P, 


A C E B D =p. 


p b i h e = A, 


P I E B H = a. 


p e j i a = B, 


P J A C I = 4, 


p if j 6 = C, 


P F B D J = c. 


p e g f c=D, 


P G C E F = rf, 


p a h ff d = 'E, 


P H D A G = c. 


j c d ff q = V, 


J D Q C G = /, 


f d e h q = Q, 


F E Q D H = ^, 


g e a i q—B., 


G A Q E I » A, 


h a b j q = \, 


H B Q A J = i. 


i b c f q = 3, 


I C Q B F=y, 


Sg * «> = Q. 


F H J G I = 9. 
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where it is to be noticed that in either Table each non-consecu- 
tive duad of any pentad occurs once^ and only once^ as a non- 
secutive duad of another pentad. The restriction that a non- 
consecutive duad of any multiplet is not to occur as a duad; 
consecutive or non- consecutive; of any other multiplet (see my 
note appended to Mr. Kirkman^s paper " On Autopolar Poly- 
hedra/^ Phil. Trans. 1857; p. 183), applies ,only to ordinary 
polyhedra, and not to the class here considered. 

2 Stone Buildings, W.C., 
January 13, 1859. 



XX. On Apatite, Wagnerite, and some artificial species of Me- 
tallic Phosphates. By Messrs. H. Saint£-Clair£ Ueville 
and H. Caron*. 

AMONG the more abundant minerals is found a well-defined 
and crystallized substance, the phosphate of lime, which 
is principally met with in veins in the older rocks and in volcanic 
lavas. The singular composition of apatite, first determined by 
M. Gustav Rose in 1827, shows that it is a definite compound 
of chloride and fluoride of calcium with phosphate of lime. The 
chemical examination of this substance, and the establishment 
of its analogies, formed an interesting subject of inquiry ; and 
the researches which we have undertaken have led to results of 
great simplicity. 

By the side of apatite is placed another mineral, Wagnerite, 
composed of the same or analogous elements, but in different 
proportions. The calcium of the apatite is replaced by magne- 
sium ; in addition to which, apatite is a regular hexagonal prism, 
while Wagnerite is an oblique rhomboidal prism. Their form 
and composition thus distinguish them from each other, and we 
shall show that each may be considered as the type of two groups 
of which we have established all the species. 

Apatite has the composition 

3(P0^3CaO)-rj^|Ca; 
Wagnerite is represented by the simpler formula. 



(PO»,3MgO){5^].Mg. 



We have prepared the apatites and Wagnerites which form the 
species of these two groups, and which are comprised in the fol- 
lowing list : — 

* From the Comptes Rendus, December 20, 1858. 
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Apatites. 

Composition. Mineralogical names, 

lime apatite . . , 3(P0^ 3CaO)(ClCa). Apatite. 
Lead apatite . . . 3(P0^ 3PbO)(ClPb). Pyromorphite. 
Baryta apatite. . . 3(P0^ 3BaO)(ClBa). Artificial species. 
Strontian apatite , • 3(P0^ 3SrO) (CI Sr). Artificial species. 

Wagnerites^ 

Magnesia Wagnerite . (P0^ 3 MgO) (CI Mg) . Wagnerite. 
Lime Wagnerite . . (PO^ 3CaO) (ClCa). Artificial species. 
Manganese Wagnerite (PO^, 3 MnO) (CI Mn) . Artificial species. 

^■„^^l'™"'{rO'.Co)}{ci(?e°)}-'ir'- 

In these bodies we have been able to replace a part or even 
the whole of the chlorine by fluorine, without in general changing 
the crystalline form, showing in this case the isomorphism of 
fluorine and chlorine, which hitherto has only been strictly de- 
monstrated in a few cases. 

It will be observed that the bases in apatite are such metallic 
oxides as^ in combining with carbonic acid, give rhombic carbon- 
ates of the same form as Arragonite ; theWagnerites, on the other 
hand^ are exclusively composed of such metallic oxides as give, 
-when combined with carbonic acid, rhombohedral carbonates, or 
spars of the same form as calcareous spar. To complete this 
singular comparison, it will be remarked that carbonate of lime 
is dimorphous, crystallizing either in rhombic prisms (Arragonite) 
or in rhombohedra (calcareous spar). Hence the lime officiates 
as intermediate agent, ot pivot as it has been elsewhere* called, 
between these two groups of metallic oxides. It is the same 
here. We have obtained a calcareous Wagnerite, hitherto un- 
known, by replacing, either wholly or partially, magnesia by lime, 
and fluorine by chlorine. This calcareous Wagnerite has there- 
fore the composition 

P0^3CaO(ClCa), 

which has been confirmed by analysis, and which approximates 
it to the second group of chlorophosphates. 

Moreover, all our efforts to obtain Wagnerite from purely 
Arragonitic oxides, and apatites from purely spathic oxides, have 
been unfruitful, so that the two divisions of the metallic carbon- 
ates appear again in the phosphates ; but here we not only find 
incompatible crystalline form, but also different composition. 

M. Daubreef has prepared apatite by passing chloride of phos- 

* Comptes Rendtts, vol. xxxviii. p. 401. 

t Annates des Mines, 4 s^r. vol. xix. p. 654. 

PkU. Mag. S. 4. Vol. 17. No. 112. Feb. 1859. K 
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phorus over lime; M. ManrosB* «nd M. Brieglebf, in conti- 
nuation of the remarkable researches nmde in the laboratory of 
Professor Wohler, have reproduced apatite in more distinct and 
more beautiful forms by taking advantage of the double decom- 
position of alkaline phosphates and chloride of calcium; M.Forch- 
hammer;]:^ by acting onphosphate of lime with chloride of sodium, 
has obtained very beautiful specimens of the same mineral 
species. 

We employed a more direct and more general method^ founded 
on the fact that the phosphates are soluble at a red heat in the 
chlorides of the metfds whose oxides serve a» base in the salts 
employed, or in analogous chlorides. Thus by taking bone- 
phosphate, and mixing it with sal-ammoniac to transform the 
carbonate of lime, which it always contains, into chloride of cal- 
cium, and adding an excess of chloride and fluoride of calcium, 
we obtain by fusion at a red heat a fluid which appears homo- 
geneous, and from which apatite crystallizes § on cooling. It is 
well to operate as much as possible with crucibles or vessels of 
graphite from gas-retorts; for the phosphates strongly attack clay 
crucibles : the phosphate of lime may be replaced by any of the 

Ehosphates mentioned. This may be prepared for the purpose 
y calcining one equivalent of commercial phosphate of ammonia 
with three equivalents of the oxide or nitrate of the metal in 
question. The salt obtained is mixed with the coresponding 
chloride and heated. On cooling, the excess of chloride is sepa- 
rated by washing with distilled water. Iron apatite (Zwieselite) 
is obtained by treating phosphate of iron with chloride of man- 
ganese, a process which yields it in crystals frequently a centi- 
metre long. 

The exact determination of the crystalline form of Wagnerite 
is diflScult on account of the numerous striae in the facets, more 
especially of those zones the most easily measured We must 
further observe that the phosphates retain fluorine with such 
persistence as to lead to most serious errors if the analysis be 
not made very carefully. 

The occurrence of apatite in veins has led M. Daubree to 
think that this substance may have been conveyed into its posi- 
tion in the form of volatile products, and in particular by the 
action of chloride of phosphorus on lime, — a reaction which in 
fact produces apatite, for it brings together chloride of calcium 
and phosphate of lime. The presence of fluorine would be more 
difficult to explain on this supposition ; but an observation we 
have made renders the hypothesis of M. Daubree admissible 

* Experiments, &c.. Inaugural Thesis. Gottinsen, 1862. 

t Liebig's Annalen, vol, xcriii. p. 95. % Ibid. vol. xc. p. 77. 

§ This beautiful substance resembles the apatite of the Yesuyiaa lavas. 
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under much si«ip]ef conditions. In fact apatites and Wag- 
neritea become volatile^ at a slightly elevated temperature^ in 
the vapour of the metaUic chlorides in the midst of which 
they are formed. We have thus been able to distil at a red 
heat Wagnerite in the vapour of chloride of magnesium ; and 
the volatilized crystals, which were analysed, had the consti- 
tution of the primitive substance. Apatite also volatilizes in the 
vapour of chloride of calcium ; and by using carbon vessels we 
have obtained beautiful crystals of sublimed apatite. This sin- 
gular phsenomenon may be classed with certain well-known facts, 
such as the volatilization of boracic acid in aqueous vapour, of 
sulphide of boron in sulphuretted hydrogen, &c. It appears 
evident that these phsenomena are not purely mechanical ; and 
when they have been studied, they may contribute to explain 
various facts of nature. 

XXI. Proceedings of Learned Societies. 

ROYAL SOCIETY. 
[Continued from p. 7^-] 

June 17, 1858. — The Lord Wrottesley, President, in the Chair. 
T^HE following communications were read : — 
-^ " Action of Bichloride of Carbon on Aniline.** By A. W. 
Hofinann, Ph.D., F.R.S. 

In two former notes I have described the deportment of aniline as 
the prototype of primary monamines with the bromine- and chlorine- 
compounds of biatomic and triatomic radicals. It was found that 
under the influence of these agents, two equivalents of aniline coalesce 
to a more complex molecule, retaining the chemical character of the 
constituents ; the action of bibromide of ethylene and chloroform 
producing respectively — 

Diethylene-diphenyl-diamine CgaHigN^^ H^* H*Vi ^^* 
Formyl-diphenyl-diamine . . C^e H^, N^^ \ (Ci,H,), V N,. 

The result of these experiments led me to examine the behaviour 
of aniline under the influence of organic chlorides containing even a 
larger number of chlorine equivalents. The agent selected was the 
body well known by the name of bichloride of carbon, i. e. tetra« 
chlorinetted marsh-gas, or chloroform, in which the residuary 
eq^uivalent of hydrogen is replaced by chlorine. 

Aniline and bichloride of carbon do not act upon each other at the 
common temperature ; at the temperature of boiling water a change 
is perceptible, but even after several days* exposure the reaction is 
far from being complete. On submitting, however, a mixture of 
3^ parts by weight of aniline and 1 part of bichloride of carbon, 

K2 
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both in the anhydrous state, for about thirty hour^to a temperature 
of 1 70^ C, the liquid, will be found to be converted into a black 
mass, either soft and Tiscid, or hard and brittle, according to time 
and temperature. 

This black mass, which adheres firmly to the tubes in which the 
reaction has been accomplished, is a mixture of several bodies. On 
exhausting vrith water, a portion dissolves, while a more or less solid 
resin remains behind. 

The aqueous solution yields, on addition of potassa, an oily preci- 
pitate containing a considerable portion of unchanged aniline ; on 
boiling this precipitate with dilute potassa in a retort, the aniline 
distils over, whilst a viscid oil remains behind, which gradually 
solidifies with a crystalline structure. Washing with cold alcohol 
and two or three crystallizations from boiling alcohol render this body 
perfectly white and pure, a very soluble substance of a magnificent 
crimson colour remaining in solution. 

The portion of the black mass which is insoluble in water dissolves 
almost entirely in dilute hydrochloric acid, from which solution 
it is reprecipitated by the alkalies in the form of an amorphous 
pink or dingy precipitate soluble in alcohol with a rich crimson colour* 
The greater portion of this body consists of the same colouring 
principle which accompanies the white crystalline substance. On 
the other hand, considerable Quantities of this crystalline body are 
occasionally present in the product insoluble in water. 

The crystalline body is insoluble in water, difficultly soluble in 
boiling alcohol, soluble in ether. From the hot alcohoUc solution it 
crystallizes slowly on cooling in elongated four-sided plates, often 
grouped round a common centre ; this substance is a well defined 
base ; it freely dissolves in acids, from which, on the addition of the. 
alkalies, it is thrown down as a dazzling white precipitate. 

The analysis of this new base has led to the expression 

^38 Hi7 N3, 

a formula corroborated by the analysis of a fine, somewhat difiicultly 
soluble hydrochlorate, 

C,,H„N„HC1, 

which is obtained by dissolving an excess of the new base in hot 
diluted hydrochloric acid, when it crystallizes on cooling. 

A further confirmation was furnished by the examination of a 
bright yellow platinum-salt, 

C33H,,N3,HCl,PtCl,. 

Both the hydrochlorate and the platinum-salt are extremely soluble 
in an excess of hydrochloric acid, which has therefore to be carefully 
avoided in their preparation. 

The phase of the action of bichloride of carbon on aniline, which 
gives rise to the formation of the new base, is expressed by the 
equation 

6C,, H, N-hC, C1,=C,3 H,, N3, HC1-|.3(C,, H, N, HCl). 
What is the constitution of the new body ? It is obviously derived 
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from 3 molecules of aniline from which 4 equivalents of hydrogen 
hare been eliminated by the 4 equivalents of chlorine in the bi- 
chloride, the carbon entering as a biatomic molecule into the complex 
atom. The new body would thus become a triamine. 



H, J 



It is however more probable that the carbon replaces in the form of 
cyanogen, when the new compound appears in the light of a diamine, 
as 



Cyan-triphenyl-diamine (C^ 



c„h,),In, 

H, J 



N„ 






The new compound thus becomes closely allied to mebmiline, which 
ma; be viewed as diphenyl-cyan-diamine, 

C N 
Melaniline C„ H„ N.= (C^ H,), 

H, 

It deserves to be noticed, that in its appearance, and in its general 
characters, cyan-triphenyl-diamine resembles melaniline in a re- 
markable manner. 

If we are entitled to view the new body which forms the subject 
of this note as a cyanogen-substitute, we have not less than four well- 
defined diamines of the phenyle-series. 

Diethylene-diphenyl-diamine >p* tt*\ * 

(C, H)"' 

Formyl-diphenyl-diamine (C„ H,), 

H 
C, N 

Cyan-diphenyl-diamine (C„ H,), 

H, 
C, N 

Cvan-triphenyl-diamine (CuH,), 

H, 

I intend to continue the inquiry still further in this direction, and 
propose next to examine the deportment of aniline with the so-called 
protochloride (C4CIJ and sesquichloride of carbon (C^Clg). 

"Researches on the Phosphorus-Bases." By A. W. Hofmann, 
Ph.D., F.R.S. 

In a paper published in the Transactions of the Koyal Society, we 
(M. Cahours and myself) have given a detailed account of the pre- 
paration of the phosphorus-bases, and also an accurate description of 
triethylphosphine, the most characteristic and accessible represent- 
ative of this class of compounds. 

The object of our joint inquiry was chiefly to examine the phos- 
phorus-bases as a class, and to establish their analogy with the corre* 
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sponding terms of the nitro^n-series. The deportment of the phos- 
{morus-bodies in their relation to other compounds has as yet been 
scarcely investigated. For several months I have been engaged in 
this study, whioh promises a rich harvest of results. Most of the 
experiments were made with triethylphosphine, a substance which, 
in consequence of its convenient position in the system of organic 
compounds, in consequence of the variety of its attachments, the 
energy and precision of its action, and, lastly, the well-defined cha- 
racter of its compounds, will probably become an agent of predilec- 
tion in the hands of the chemist. 

It is my intention to trace the history of this remarkable body in its 
several directions ; and for this purpose, in fact, a considerable amount 
of material has' been already accumulated. But since necessarily some 
time must elapse before such an inquiry, which from the peculiar 
character of the compound is often obstructed by unusual difficulties, 
can be completed, I beg leave to present my results in the same 
measure as the inquiry advances, hoping that at a later period I 
may be allowed to collect the scattered observations, and to lay them 
in a more elaborated and digested form before the Society. 

Among the numerous reactions of triethylphosphine, my attention 
has been chiefly directed to the compounds which this body fumishea 
when submitted to the action of organic chlorides, bromides, and 
iodides. 

I. Action of Bibromide of Ethylene upon Triethylphosphine* 

In the anhydrous condition the two bodies act even at the common 
temperature with considerable power upon each other, a white cry- 
stalline substance being immediately precipitated. If the reaction be 
allowed to go on in the presence of a large volume of anhydrous 
ether, the deposition of the crystalline body is considerably retarded, 
unless the mixture, in an appropriate apparatus, be exposed to the 
temperature of boiling water* After a short digestion, on distilling 
oiF the ether and the excess of bibromide, a crystalline cake is left in 
the retort, consisting of several bromides, the nature and the relative 
proportions of which appear in a great measure to depend upon the 
rapidity of the reaction. I have found it most convenient to work 
with ethereal solutions at the common temperature. 

The determination of the bromine in the crystalline body revealed 
at once the compound character of this substance, for it steadily 
diminished by dissolving the bromide in absolute alcohol, and repre- 
cipitating it partially by ether. By repeating this process four or 
five times, a body of constant composition was obtained. 

The compound thus prepared is a crystalline mass, without odour, 
extremely soluble in water, and even m absolute alcohol, but inso« 
luble in anhydrous ether. It exhibited a rather unexpected compo- 
sition, for on analysis it was found to contain 

^16 Hi9 PBr^, 
^nd consequently to have been formed by the simple union of 1 ^uiv. 
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of triethylphospliine and 1 equiv. of bibromide of ethylene, 
C„H„ P+C, H,Br,=C„ H„ PBr,. 

The bromine in this compound exists in two perfectly different 
forms 5 addition of nitrate of silver precipitated only one-half of this 
element as bromide of silver, while even by protracted ebullition the 
second half remained untouched. The result changed, however, on 
digestion with freshly precipitated oxide of silver, when the whole of 
the bromine separated at once in the form of bromide of silver. 

On adding to the solution of the bromide an excess of nitrate of 
silver, filtering off the bromide, and removing the excess of silver by 
hjrdrochloric acid, a corresponding chloride was obtained, from whicn 
Bichloride of platinum precipitated a beautiful orange-yellow pla- 
tinum-salt. In a moderately diluted solution which had been pre- 
viously gently heated, no immediate precipitate was produced ; but 
on cooling, the same salt was deposited in magnificent needles, which 
could be recrystallized from boiling water, or better from hydro- 
chloric acid. This compoimd contained 

CieH„BrPCl,PtCl,. 

A difficultly soluble gold-salt, crystallizing from boiling water io 
small scales, was found to have the corresponding composition, 
C,3H,3BrPCl,AuCl3. 

Very different results were observed when the whole of the bromine 
was removed by means oi oxide of silver. A powerfully alkaline 
solution was thus obtained, which, converted into hydrochlorate, gave, 
with bichloride of platinum, a precipitate only after very considerable 
evaporation. The precipitate was likewise of a deep orange-red 
colour ; it readily dissolved in boiling water, from which it separated 
on cooling in the form of well-defined octahedra having the compo- 
sition 

C,eH,3PCl,PtCl,. 

Terchloride of gold furnished likewise a crystalline precipitate 
very similar in appearance to the gold-salt previously mentioned, but 
containing 

C,,H,3PCl,AuCl3. 

The action of bibromide of ethylene on triethylphosphine, and 
the subsequent transformation of the compound produced, is readily 
explained. The two substances unite in equal equivalents, the product 
of the reaction being the bromide of a phosphonium, in which the 
fourth equivalent of hydrogen is replaced by a compound molecule, 
C^H^Br (brominetted ethyle?), of monatomic substitution-power. 

Bromide of triethyl-bromethylene-C^ Hg 
phosphonium C. Hg 

(C,H,Br)'J 

The compound phosphonium of this bromide possesses very con- 
siderable stability, as is sufficiently evinced by its deportment with 
.nitrate of silver> and by the formation of the platinnm- and of the 
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gold-salt. All my attempts, however, to separate the base itself 
have entirely failed. Under the influence of oxide of silver, the 
bromide yields an alkaline sohition possessing all the characters of 
the -onium-bases. The body in solution, however, no longer belongs 
to the same series, the elements of hydrobromic acid having separated 
from the original compound metal. 



(C,H,Br)' J 



.PO,HO. 



PBr+12AgO=2AgBr+c* h 

c!h'j 

The compound thus obtained may be designated as the hydrated 
oxide of triethyl-vinyl-phosphonium. 

I have ascertained by experiment that the brominetted bromide is 
by no means the only result of the action of bibromide of ethylene 
on triethylphosphine, although under favourable circumstances it 
appears to be the chief product. Invariably a portion of the bibro^ 
mide, faithful to its traditions, splits into hydrobromic acid and 
bromide of vinyle ; and we find therefore in the white crystaUine mass 
always, together with hydrobromate of triethylphosphine, a certain 
quantity of the very bromide of triethyl-vinyl-phosphonium, which, 
as has been stated, results from the action of oxide of silver on the 
brominetted bromide. 




C4H, 

H 






C.H3J 



IPBr. 



The action of bibromide of ethylene on triethylphosphine, complex 
as it is, receives an additional element of complication by the influ- 
ence of heat. Ebullition appears to facilitate the formation of a 
fourth bromide, which, although less prominently, is also produced 
in the cold. The study of this compound is not yet completed. 

" Action of Bisulphide of Carbon on Triethylphosphine." By A, 
W. Hofmann, Ph.D., F.R.S. 

Among the many characteristic reactions of the phosphorus-bases, 
their deportment with sulphur is so conspicuous that it has served 
frequently as a test for the presence of these substances. In con- 
tinuing the study of the phosphorus-bases, I have found that this 
remarkable attraction for sulphur is by no means limited to this 
element in the free state. Many sulphur-compounds, when coming 
into contact with triethylphosphine, are instantaneously decomposed, 
their sulphur being appropriated in the formation of the beautiful 
bisulphide 

E3PS^ 

which, as has been pointed out on a former occasion, is generated by 
the action of free sulphur. As an illustration, the deportment of 
bisulphide of nitrogen may be quoted. This substance, obtained by 
the action of ammonia on chloride of sulphur, and as yet scarcely 
touched upon as an agent of research, is instantaneously decomposed 
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into its constituents when acted upon by triethylphosphine, 

E3P + NS^' = EgPS.+N. 

Triethyl- Bisul- Bisulphide 

phosphine. phide of of triethyl- 

nitrogen. phosphine. 

The reaction is so violent that care must be taken to prevent the 
phosphorus-base from being inflamed. 

Triethylphosphine is not less powerfully attacked by bisulphide of 
carbon ; but the result is different. On mixing the two bodies in 
the anhydrous condition, they are found to combine with explosive 
violence, a deep crimson-coloured crystalline compound being pro- 
duced. This substance is obtained in better crystals if ethereal 
solutions, instead of the anhydrous compounds, be employed. The 
new body separates in beautiful crimson leaflets the moment the two 
solutions are mixed. This phenomenon is so characteristic, that 
ever since it was first noticed, it has served me as a valuable test for 
the detection of even minute traces of triethylphosphine. A watch- 
glass, moistened with the liquid in which the phosphorus-base is sus- 
pected, is held over a vessel containing bisulphide of carbon : the 
vapour of this compound immediately causes the formation of a crimson 
network of crystals, if the smallest quantity of triethylphosphine be 
present. It is necessary that the base should be free ; its saline 
solutions are not affected by bisulphide of carbon; the reaction, 
however, immediately appears when the base is Hberated by the 
addition of an alkali. 

The new body produced by the action of bisulphide of carbon 
upon triethylphosphine is insoluble in water, nearljr insoluble in 
ether, but soluble in alcohol. From boiling alcohol it is deposited 
on cooling in crimson needles, somewhat similar to the crystals of 
chromic acid as obtained by the action of sulphuric acid upon bi- 
chromate of potassium. The presence of bisulphide of carbon in 
the alcohol considerably increases its solvent power for the crimson 
body. The new substance fuses at about 95° C, ; it is volatile even 
at the common temperature, and is easily volatilized at the tempera- 
ture of boiling water. "When rapidly heated it sublimes with partial 
decomposition. 

The crimson crystals appear to have the character of a weak base ; 
they easily dissolve in concentrated hydrochloric acid, a colourless 
liquid being formed ; from this solution potassa or ammonia repre- 
cipitate the body, apparently unchanged, although, in consequence 
of the finely divided state, of a somewhat lighter colour. The 
hydrochloric solution gives with bichloride of platinum a bright 
yellow amorphous salt insoluble in alcohol and ether, which on 
drying becomes dingy, with indications of decomposition. A gold- 
salt similarly obtained exhibits a like deportment. Both salts 
appeared but very little adapted for analysis. The alcoholic solution 
of the body is decomposed by nitrate of silver with formation, of 
sulphide of silver* 
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The analjsis of the crimson crystak has shown that they contain 
Ci4 His PS4=Ci2 Hjj P+Cj S4=E3 P+Ca S4. 
They are therefore formed by the direct union of 1 equivalent of 
triethylphosphine with 2 equivalents of bisulphide of carbon. 

In the dry state the bisulphide of carbon compound may be pre- 
served without being altered. In the presence of moisture, however, 
it is decomposed, especially during hot weather. On examinmg 
some specimens which had been kept during several months, the 
crimson colour was found to have disappeared, the substance had 
assumed a light yellow colour, and on opening the bottles the odour 
of sulphuretted hydrogen became at once apparent. The yellowish 
substance on recrystallization proved to be pure bisulphide of tri- 
ethylphosphine. I leave it undecided whether this transposition had 
taken place according to the equation 

E3PC,S,+2HO=E3P8,+2HS+C,0„ 
or 

E3PC,8,+ 2HO+20=E3PS,+2HS+C2 0,. 

What is the constitution of the crimson body? In mineral 
chemistry we are acquainted with a compound closely allied in coifl- 
position and formation to the new compound. Bisulphide of carbon, 
■^hen treated with an alcoholic solution of ammonia, furnishes, together 
with other products, a salt crystallized in long lemon-yellow needles, 
which is known by the name of sulphocarbamate of ammonium. 

This compound, 

(H,N)H,N,C,S„ 

when treated with diluted acids, is converted into an oily acid of but 
little stability, sulphocarbamic acid : 

HH,N,C,S,. 

If we replace in this compound the hydrogen by ethyle, the nitrogen 
by phosphorus, in other words, if we replace the ammonia by tri- 
ethylphosphine, we arrive at the composition of the body which forms 
the subject of this note. 

I have convinced myself experimentally that trimethylphosphine 
exhibits with bisulphide of carbon a perfectly similar deportment. 
The compound formed is likewise of a crimson colour, but of a some- 
yvhai lighter tint; it is more volatile and more readily soluble in 
alcohol than the corresponding ethyle-compound : it is also somewhat 
soluble in water, 

Triethylarsine is not altered by the addition of bisulphide of carbon ; 
after some time, however, long needles are formed in the mixture of 
the two bodies. These needles are probably an analogous arsenic- 
compound : I have not however examined them. A mixture of 
triethylstibine and bisulphide of carbon was preserved for several 
months, without undergoing any change. 

** Contributions towards the History of the M onandnes." By A, 
W. Hofinann, Ph.D., F.R.S. 

The progress of my experiments on the poly-ammonias and on the 
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idio^hora^basefl, now and thtin myoWes the etudj of reactionB 
which are scarcely comprised between the boundary lines of the 
principal inquiries. For the sake of perspicuity^ I beg leave to sub- 
mit the results of these studies separately to the Society. 

!• AeHon ofBibromide of Ethylene on Trimethylamine, 

The unexpected result obtained in the action of bibrpmide of ethyl- 
ene on triethylphosphine, induced me to examine the deportment of 
the tertiary amine-bases under the influence of the same agent. As 
a characteristic representative of this class I have selected trimethyl- 
amine, which may be readily procured in tolerable quantity and in a 
state of purity. 

On submitting trimethylamine to the action of bibromide of ethyl- 
ene, phenomena are observed which are perfectly similar to those 
which occur in the analogous experiment with triethylphosphine. 
On account of the volatihty of the trimethylamine, I have never 
worked with the anhydrous base, but invariably either with aqueous 
or alcoholic solutions. At the common temperature bibromide of 
ethylene is only gradually acted on by an aqueous solution of trime- 
thylamine. Frequent agitation and contact for several days are 
necessary to complete the reaction ; addition of alcohol accelerates 
the process ; which may be still very considerably shortened by ex- 
posure of the mixture in sealed vessels to a temperature of from 40° 
to 50°. To exclude complication, it is desirable to avoid a higher 
temperature and to keep always the bromide in considerable 
excess. 

By adopting these precautions, the mixture of the two bodies is soon 
found to deposit a white crystalline salt, the formation of which con- 
tinues until the liquid has assumed an acid reaction. A considerable 
quantity of this salt is dissolved in the water ; it is therefore most 
convenient to distil off the excess of bibromide of ethylene and to 
eyaporate the residuary liquid to dryness. The dry saline mass, 
separated from a slightly yellowish deliquescent substance by washing 
with absolute alcohol and once or twice recrystallized from the same 
solvent, furnishes magnificent white needles, extremely soluble in 
water, readily soluble in boiling alcohol, much less so in cold alcohol, 
and insoluble in ether. This salt can be boiled with' the fixed alka- 
lies without disengaging a trace of an alkaline vapour. This deport- 
ment renders it easy to recognize the absence of impurities. 

The composition of this substance, established by many deter- 
minations, is represented by the formula 

C,H, -j 

(ctntBryJ 

This substance, which presents itself as bromide of trimethyl-bro- 
methylene-ammonium, is formed by the simple union of 1 equivalent 
af.lubiomide of ethylene with 1 equivalent of the tertiarj inoi|« 
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amine. A glance at the formula exhibits the perfect analogy of the 
composition of this compound with that of the bromide formed by 
the action of bibromide of ethylene on triethylphosphine. The de- 
portment of the two salts with nitrate and witn oxide of silver is also 
similar in every respect. 

By treatment with nitrate of silver, the bromine not belonging to 
the ammonium may be removed without affecting the bromine of 
the radical. The nitrate thus obtained, after separation of the excess 
of silver, furnishes with bichloride of platinum a difficultly soluble 
octahedral salt, crystallizable from a large quantity of boiling water, 
and containing 

c,H3 ^ 

C,„ H,, Br N CI, PtCl,= g> g» I NO, PtCl, ; 

(clnlBryJ 

and with terchloride of gold an analogous compound crystallizing 
from boiling water in splendid golden-yellow needles, 

Ci„ Hi, Br N CI, AuCl,= ^» J' I NCI, AuC),. 

(clnlBryJ 

Treatment with oxide of silver converts the bromide of trimethyl- 
bromethylene-ammonium into the oxide of trimethyl-vinyl-ammonium : 



C,H3 
C,H3 

CjHg 

(C.H.Br)' J 



C,H. 
N Br+2AgO=2AgBr+^» |» l NO, HO. 



The solution of this substance is a powerfully alkaline liquid, 
which, on saturation with hydrobromic acid, furnishes a deliquescent 
bromide of extreme solubility, entirely differing from the original 
bromide. The corresponding chloride forms with bichloride of pla- 
tinum an octahedral salt, likewise extremely soluble in water, but 
insoluble ia alcohol ; with terchloride of gold, beautiful yellow needles 
recrystallizable from boiling water. p tt "l 

Platinum- salt CioH,,NCl, PtCl3= ^^^^ I NCI, PtCl,. 

c!h:J 

CjH," 
Gold-salt . . C,„ H„ NCI, AuCl,= ^^ ^ I NCI, AuCl,. 

As might have been expected from the experience gathered in the 
phosphorus-series, the formation of the brominated bromide is in« 
variably accompanied by the simultaneous production of the vinyl- 
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compound, and of a corresponding quantity of hydrobromate of 
trimethjlamine. 

C,H, |.N+C,H,Br,=^»g» 






C.H, 
C.H3 



In Br. 



C„H„NBr= 



.NBr, 



Indeed it would appear that at a high temperature and with an 
excess of trimethylamine, the equation just given represents the prin- 
cipal phase of the reaction. In an experiment made under the 
stated conditions, the liquid in the digester had assumed a deep 
yellowish colour; and on evaporation and appropriate treatment a 
crystalline salt was obtained, which on analysis was found to con- 
sist exclusively of 

C, H, 

tbe inother-liquor containing a large quantity of hydrobromate of 
trimethylamine. It is possible that even in this reaction the vinyl- 
compound was only a secondary product, formed by the decomposi- 
tion of the brominated bromide under the influence of an excess of 
trimethylamine. 



C,H3 
O.H3 

(C.H, Br)' . 



C.H3 
.NBr+C2H3 



CgHa 




^NBr. 



Exactly as in the phosphorus-series, together with the compounds 
described, some other substances are formed, particularly when the 
process is supported by the action of heat. As yet I do not suffi- 
ciently understand these additional reactions. 

I have established experimentally that triethylamine and triamyl- 
amine, when treated with bibromide of ethylene, give rise to similar 
reactions. I have not, however, minutely examined the substances 
which are formed. They are sufficiently characterized by theory. 

The unexpected deportment of bibromide of ethylene with the 
tertiary monamines and monophosphines, furnishes a new proof of 
the fact, that all our rational formulae are, after all, the expressions of 
special reactions. With the alkalies, the brominated Dutch liquid 
behaves as a double salt of two monatomic compounds, 

(C,H3yBr+HBr. 

With silver-salts, with aniline, &c., it exhibits the deportment of 
a true biatomic compound, 

(C,HJ"Br,. 

With the tertiary amines and phosphines, lastly, we find that the 
elements of the same body, in accordance with the requirement of 
the case, arrange themselves int6 one monatomic compound, the 
constitution of which, if we simply consider the function which it 
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performs under ihese special circnmstancesi might be represented by 
the formula 

(C^H,Br)'Br. 

It is obvious that the three formulae, 

(C,H3yBr,HBr, 

(C,HJ"Br, and 

(C,H,Br)'Br, 

represent the constitution of this body with reference to certain 
special conditions; the absolute arrangement of the molecules we 
ignore altogether, and it is doubtful whether it will ever be accessible 
to experiment. 

** An Experimental Inquiry into the alleged Sugar-forming Func- 
tion of the Liver." By F. W. Pavy, M.D. 

The author commenced by stating that the question to be discussed 
in his communication was, not whether sugar was to be found in the 
animal system independently of a saccharine alimentation, for that 
he considered to stand upon irrefutable ground ; but whether the 
sugar encountered in the liver after death was a natural representa- 
tion of the condition during life, or was only the result of hpost 
mortem occurrence. He had noticed as early as February 1854, 
that the blood removed by catheterism of the right ventricle during 
life, was almost completely destitute of saccharine impregnation. 
The observation did not then, however, receive the attention it 
deserved ; but on repeating the experiment at a later period, and 
meeting with a similar result, an investigation was made which has 
led to the conclusions advanced in his communication; 

From upwards of sixty observations, it is asserted that the con- 
dition of the blood after death can no longer be taken as indicating 
its state during life. For, if blood be withdrawn from the right 
ventricle of the living aiumal in a natural or tranquil state, there is 
scarcely an appreciable amount of sugar to be discovered, whilst, if 
the animal be afterwards sacrificed and blood collected from a fine in- 
cision of the ventricle, it will be found to present a strong indication 
of the presence of sugar. In one of the experiments quoted, there 
was a barely appreciable reaction in the blood removed during life, 
and nearly 1 per cent, of sugar in the blood collected after death, 
the animal having been sacrificed immediately after catheterism has 
been performed. 

Observing this striking contrast in the blood abstracted from the 
right ventricle before and after death, the possibility occurred that 
there might be a corresponding contrast in the organ that was con- 
sidered to be specially endowed with a sugar- forming function. The 
recent researches of Bernard had taught us that a material naturally 
existed in the liver which was extremely susceptible of conversion 
into sugar. It was this material, in fact, which was looked upon as 
giving rise to the sugar thought to be largely present in the liver 
during hfe. At the outset of the inquiry, an agent was sought for 
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which would check the trausformation of the sugar-fonning material 
after deaths and thus present the lirer in a condition as near as pos<^ 
sible to that which existed during life. Potash was found to possess 
this effect without destroying the principles concerned. A strong 
solution of it was then injected^ as instantly after death as practicable^ 
through the portal vein into the liver ; and, as the result, the organ 
presented scarcely any appreciable trace of the presence of sugar. A 
liver similarly treated when it had been allowed to remain a short 
priod after death, gave the usual strong reaction of sugar that has 
been hitherto notic^. By injecting only a part of the organ with 
the alkali, it is most strikingly susceptible of demonstration, that 
the presence of sugar is in reality due to a post mortem occurrence^ 
and can therefore be no longer looked upon as a representation of 
the natural ante mortem condition. 

The sudden abstraction of heat from the liver instantly after 
death, leads to a similar arrest of the production of sugar, and thus 
enables us hkewise to represent the real condition of the organ 
belonging to life. In one of the experiments mentioned, where a 
dog was sacrificed, and a piece of the liver instantly sliced off and 
thrown into a freezing mixture of ice and salt, the absence of sugar 
was almost complete ; the amount at least was so small, that it was 
found impossible to arrive at a quantitative determination with a 
concentrated spirituous extract, notwithstanding the process is sus- 
ceptible of so great a delicacy. The portion of the liver which was 
not submitted to the action of cold, and which was allowed to remain 
a short time in the animal, yielded on analysis an indication of 2' 96 
per cent, of sugar. 

Division of the spinal cord in the lower part of the cervical region, 
the effects of which have been noticed by Bernard, but differently 
interpreted, leads to a corroboration of the deductions drawn fron^ 
the preceding experiments. When the weather is cold or moderate, 
the operation is followed by a gradual reduction of temperature; and 
if the animal be sacrificed when its body has cooled down to about 
70° the liver is found free from sugar, upon an ordinary immediate 
examination, because at such a degree the post mortem transforma- 
tion is not effected with sufficient rapidity to lejtd to our deception^ 
Placed aside, however, it soon becomes strongly saccharine. Should 
the operation of division of the cord be performed, and the 
temperature of the animal be afterwards maintained at about the 
ordinary height by exposure to external warmth, then the Uver is 
as strongly saccharine upon ordinary examination after death, as if 
the animal had been taken and simply sacrificed. ~ ;; . 

By oiling the coats of rabbits and exposing them to cold, the 
temperature of the body falls, and precisely the same phenomena 
are noticed as after division of the cord. 

"With frogs in a vigorous condition, the presence or absence of 
sugar in the Uver submitted to the ordinary process of examination 
after death, is dependent upon the temperature of the animal at the 
tune of the destruction of life. This fact was independently noticed 
by myself about the time that it wai9 mentioned by Bernard in a 
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communication to the Parisian Academy of Sciences. Bernard's 
interpretation of it is connected with the relative activity of the ab- 
dominfd circulation ; but, for myself, I bring it forward as strongly 
supporting the views that have been advanced, and consider it to b« 
explained by the influence of temperature on the post mortem pro- 
duction of sugar. 

The material which occasions the presence of sugar in the dead 
liver, has been called by Bernard "Glucogenic matter," — a term 
which, being only specially applicable after death, it is suggested 
should be abandoned, and replaced by Hepatine. 

The amount of hepatine in the liver of the dog is much greater 
under a vegetable than an animal diet. The amount is also increased 
by mixing sugar with animal food. From the examples given, it is 
shown Hkewise that the relative weight of the liver presents a pro- 
portionate variation, according to the quantity of hepatine • present. 
In eleven dogs taken indiscriminately, that had been restricted to 
an animal diet, the weight of the liver was one-thirtieth that of the 
animal. The average per-centage of hepatine yielded by eight livers, 
also taken indiscriminately after an animal diet, was 6*97. Five 
instances have been collected of dogs restricted to a vegetable diet 
for some days prior to death. The average weight of the Uver was 
one-fifteenth that of the animal. In only three of the examples 
was the actual amount of hepatine determined, but in the other two 
it was noticed to be exceedingly large. The average given by the 
three was 17*23 per cent. Four dogs were placed upon an animal 
diet, and about a quarter of a pound of ordinary cane-sugar ad- 
ministered daily for a short period. The average weight given by 
the four livers was one-sixteenth and a half that of the animal, and 
the average amount of hepatine yielded was 14*5 per cent. 

The natural destination of hepatine in the living body remains to 
be determined. It has also to be shown how it resists transforma- 
tion into sugar during life, when it is so rapidly changed at an 
elevated temperature immediately after death. A possible analogy 
may be presented by the following occurrence : — ^When a solution of 
hepatine, in a neutral state, is placed in contact with saliva, an 
almost instantaneous transformation into sugar takes place ; but if 
a little acid alkali or carbonated alkaU be added, scarcely a trace of 
change is for some time discoverable. 

Under normal circumstances, rarely an appreciable amount of 
sugar is encountered in the circulatory system — only, according to my 
analyses, from about '047 to '073 of a grain in 100 grains of defi- 
brinated right- ventricular blood; and this would appear to result 
rather from a simple escape of a small amount of hepatine from the 
tissue of the liver into the blood whilst circulating through the 
capillaries, than from a special functional operation of the organ ; for 
when a disturbance of thei circulation, whether by congestion or the 
opposite, is occasioned, sugar makes its appearance to a considerable 
extent in the system, because the admixture of hepatine with the 
blood is favoured. It can be easily shown by experiment, that on 
introducing hepatine iptp the circulatory system, a gaccharine state 
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of the blood is induced, and if enough have been employed, a 
strongly marked diabetic condition of urine is established. 

Sacrificing an animal and maintaining the circulation by perform- 
ing artificial respiration^ occasions a well-marked diabetes. With 
the destruction of life, the transformation of hepatine into sugar 
takes place, and this, being carried away by the blood, is eliminated 
by the kidneys, and thus renders the urine strongly saccharine. 

Many phenomena which were before obscurely explained, receive 
a lucid interpretation from the new facts which have now been 
brought to light. 

" On the Action of Bile upon Fats ; with Additional Observations 
on Excretine." By W. Marcet, M.D., F.R.S. 

Having formerly observed and communicated to the Soci^t^ de 
Biologie of Paris, that by heating a solution of neutral tribasic 
phosphate of soda (2NaO . HO . POg) mixed with animal fatty acids, 
an emulsion was obtained attended with the formation of a small 
quantity of soap, while no such action occurred if neutral fats were 
used instead of fatty acids, I was induced to inquire into the nature 
of the action of bile on neutral fats and fatty acids (sheep's bile being 
used), with the final object of throwing, if possible, some additional 
light on the digestion of fats. These investigations led to the fol- 
lowing results : — 

1. A mixture of bile and neutral fats (stearine, oleine and marga- 
rine), heated to a temperature above the fusing-point of the fat, un- 
dergoes no change, and no chemical action takes place. 

2. A mixture of bile and fatty acids (stearic, oleic, and margaric 
acids), heated to a temperature above the fusing-point of the fatty 
adds, is transformed into a solution, a very few and minute globules 
only of fat remaining unacted upon from the presence of oleic acid. 
This solution becomes a perfect emulsion on cooling, and is attended 
with a chemical decomposition of the bile ; and further, if the emul- 
sion of bile and fatty acids be filtered when quite cold, and the 
residue on the filter thoroughly washed with distilled water, the fil- 
trate and washings mixed together again possess the property of 
fcHrming an emulsion with another quantity of fatty acids, being also 
at the same time partly decomposed, although in the previous 
operation the bile appeared to have exhausted its power on the 
fatty a^idfl. The filtrate and washings from this second operation 
agam act upon a fresh quantity of fatty acids, and so on ; only in 
every subsequent operation the proportion of emulsion obtained 
appears to diminish, and the induced chemical decomposition to be 
lessened. 

3. Pure oleic acid, when agitated with bile, cold or hot, producer 
no emulsion or chemical action whatever. 

4. The stomach during digestion has the power of decomposing 
the fats contained in the food into fatty acids, fats acquiring thereby 
the property of being acted upon chemically by the bile, and of being* 
transformed into an emulsion. 

Phil. Mag. S. 4. Vol. 17. No. 112. Feb. 1869. L 
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The chemical action, er sapouification, induced by the fatty acids 
under the above circumstances, was prored by the mixture acquiring. 
a strong acid reaction ; and it was further obseryed that the acid fil- 
trate from the cold emulsion was not precipitated by hydrochloric 
acid, showing apparently that fatty acids exert on bile a chemical 
decomposition at least as extensive as hydrochloric acid. With the 
view of determining precisely the amount of soap formed, a method 
of analysis was adopted calculated to indicate the proportion of fatty 
acid remaining unacted upon by the bile : the difference between the 
fatty acids used and the result of the above operation was equal to 
the weight of the fatty acids saponified. It was found, in three ana<- 
lyses, that the mixture of bik and fatty acids being exposed for three 
hours (in Analysis II. for 3 \ hours) to the heat of an open water-bath, 
contamed an amount of soap in which the proportion of fatty acids 
was 30*2) per cent., 20*5 per cent., 11*5 per cent, of that employed 
in the analysis. The filtrate from the emubion in analysis No. II., 
mixed with the solution obtained by washing the emulsion with di- 
stilled water, was treated for three hours on the water«bath with a 
fresh quantity of fatty acids, which operation yielded a proportion of 
fatty acid saponified equal to 12*7«per cent, of that used in the ana- 
lysis. Finally, the filtrate and washings obtained in this last group 
were mixed with another quantity of fatty acids, and exposed for three 
hours to the heat of the water-bath, in which case the proportion of 
fatty acid saponified was equal to 3*8 per cent, of that used in the 
analysis. The various operations had been attended with the forma- 
tion of an emulsion. 

In order to be certain that, after exposing a mixture of bile and 
fatty acids to the heat of a water-bath for three hours, the chemical 
action thus induced was completely exhausted, two analyses were 
undertaken according to the process just mentioned, and wiUi 
bile from the same gall-bladder ; but in one operation the mixture 
was heated for three hours, and in the other for six hours : the 
proportion of fatty acid saponified was the same in both cases, 
showing that after three hours the bile had ceased to act on the. 
fatty acids. 

Having obtained the above results, an inquiry was next undertaken 
respecting the state of the fats of food in the stomach during diges- 
tion. For this purpose the contents of the stomach of several dogs, 
fed with cooked meat and neutral sheep's fat, were examined at dif- 
ferent stages of digestion ; the acids of the stomach soluble in water 
were removed by protracted washings with distilled water, and the 
residue being treated with alcohol and ether, yielded solutions found 
to contain fatty acids. In some cases the contents of the stomach- 
were first treated with alcohol, and the fatty matters thus obtained 
subsequently washed with distilled water, and finally again dissolved 
in alcohol and ether. These analyses constantly yielded fatty acids, 
which, when heated with fresh sheep's bile, were' found to dissolve 
and produce an emulsion. 

In order to determine whether the cooking of the meat with which 
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the d(^ had been fed had transformed any of the neutral fats into 
fttty acids, a sample of roast meat was mixed and washed with di- 
rtilled water until the washings had completely lost their acid reac- 
tion ; the meat was then- mixed with alcohol and allowed to stand for 
more than a week. After that time the fluid was found to be per- 
fectly neutral, showing that no fatty acids had been formed. 

From these researches it appears that the presence of bile in the 
intestines is closely connected with the digestion of fats. 

The results of recent investigations on excretine show that this 
substance exists on an average in the proportion of 0*460 grm. for 
one evacuation when the excretine is impure, and of 0*184 grm. 
when it is pure. From the careful examination of the faeces of a 
child one year old, I have ascertained that they invariably contained 
no excretine, but cholesterine ; the proportion of the latter, purified 
by repeated crystallizations, being equal to 0*036 grm. in one eva- 
enation, which number is, however, a very low estimate. Nothing 
in the food could account for this singular result. It is therefore 
most probable that excretine is only present in the evacuations of 
the full-grown or adult individuid. 

I have been most ably aided in these investigations by my assist- 
ant, Mr. Frederick Dupr^, Ph.D. 



GEOLOGICAL SOCIETY, 

(Continued from p. 77-] 

January 5, 1859. — Prof. J. Phillips, President, in the Chair. 

The following communications were read : — 

1. " On Fossil Plants from the Devonian Rocks of Gasp6, Canada." 
By Dr. J. W. Dawson, F.G.S., Principal of McGill's College, Mon- 
treal. 

The plant-bearing rocks in the peninsula of Gasp 6 were first 
noticed by Sir W. E. Logan in 1843. To determine these fossil 
plants accurately, it was necessary to study them in place. With 
this view Dr. Dawson visited Gasp6 last summer, and carefully exa- 
mined the localities by the aid of the plans and sections of the Geo- 
logical Survey of Canada. The strata referred to have a vertical 
thickness of 7000 feet, as estimated by Sir W. Logan; they rest' 
on Upper Silurian rocks, and underlie the Carboniferous conglome- 
nttes ; and some beds contain Lower Devonian Brachiopods, &c. 

Among the vegetable remains determined by Dr. Dawson is a 
corious genus, termed by him Pailophyton, which belonged to the 
Lifcopodiacea, wad had minute adpressed leaves on slender dichoto- 
tomously-branching stems, with circinate vernation, and springing 
from a horizontal rhizome, which had circular areoles with cylin- 
drical rootlets. Some of the shales are matted with these rhizomes. 
Obscure traces of fructification are observable in cuneate clus- 
ters of bracts. The fragments of the different parts of this in- 
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teresting plant might easily be mistaken for portions of other and 
very distinct plants, such as Karstenia, Halonia, Stigmaria, SchiiO' 
pteris, Trichomanites, Fucoids, &c. The author describes two species 
of Psilophyton, P, princeps and P. robusiius. 

Dr. Dawson further described a new form of Lepidodendron (L. 
Gaspianum) ; also some specimens of Coniferous wood related to the 
Tojcus (Prototaxites Logani), and some less clear forms belonging to 
Knorria, Poacites, &c. The author also noticed the occurrence of 
Entomostraca (Beyrichia), Spirorbis, occasional fish- remains, some 
Brachiopods, and also rain- marks and ripple-marks in these Devonian 
beds. 

2. " On some Points in Chemical Geology." By T. Sterry Hunt. 
Esq., of the Geological Commission of Canada. (Communicated by 
Prof. A. C. Bamsay, F.G.S.) 

§ I. Referring to his communications to other Societies in which 
he had endeavoured to explain the theory of the transformation of 
sedimentary deposits into crystalline rocks, and to the researches of 
Daubrde, Senarmont, and others, the author remarked, in the first 
place, that the problem of the generation, from the sands, clays, and 
earthy carbonates of sedimentary deposits, of the various siliceous 
minerals which make up the crystalline rocks, may be now regarded 
as solved ; and that we find the agent of the process to be water^ 
holding in solution alkaline carbonates and silicates, acting upon 
the heated strata. Under some circumstances, however — such as 
the presence of gypsum or magnesia — such anomalies might occur 
as are presented by the comparatively unaltered condition of some 
portions of the strata in metamorphic regions. 

§ II. Many crystalline rocks, formerly regarded as of plutonic 
origin, are now found to be represented among altered sedimentary 
strata ; .and the chemical student in geology is now brought to the 
conclusion that metamorphic rocks, such as granite, diorite, dolo- 
mite, serpentine, and limestone, may, imder certain conditions, 
appear as intrusive rocks. This is chiefly owing to the pasty or 
semi-fluid state which these rocks must have assumed at the time of 
their displacement. 

§ III. The author next remarked that the hypotheses relating to 
the origin of the two great groups of plutonic rocks — those with 
potash and much silica, and those with soda and less silica — are not 
satisfactory. 

§ IV. Mr. Hunt, considering that the water of the early palaeozoic 
ocean diiFered from that of the modern seas, in that it contained chlo- 
rides of calcium and magnesium to a far greater extent, especially the 
former, sulphates being present only in small amount, noticed that 
the replacement of the chloride of calcium by common salt involved 
the intervention of carbonate of soda and the formation of carbonate 
of lime ; and that the continual decomposition of alkaliferous sili- 
cates to form the vast masses of argillaceous sediments from the 
felspathic minerals of the earth's crust, must have formed, and is 
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still forming, alkaline carbonates which play a most important part 
iti the chemistry of the seas. 

§ V. The study of the chemistry of mineral waters, in connexion 
with that of sedimentary rocks, leads the author to believe that the 
result of processes continually going on in nature is to divide the 
dlico-argillaceous rocks into two great classes ; the one characterized 
by an excess of silica, by the predominance of potash, and by the 
small amounts of lime, magnesia, and soda, and represented by the 
granites and trachytes ; while in the other class silica and potash 
are less abundant, and soda, lime, and magnesia prevail, giving rise 
(by metamorphism) to triclinic felspars and pyroxenes. The me- 
tamorphism and displacement of sediments may thus, he observed, 
enable us to explain the origin of the different varieties of plutonic 
rocks without calling to our aid the ejections of a central fire. (See 

§ ni.) 

$ VI. The most ancient sediments, like those of modern times, 
were doubtless composed of sands, clays, and limestones ; but, on 
tlie principles laid down in §§ IV. and V., the author shows that the 
chemical composition of the sediments in different geologic periods 
must have been gradually changing. Illustrating his views by the 
condition of the Canadian rocks, Mr. Hunt observes that, on the 
large scale, in the more recent crystalline or metamorphic rocks, we 
find a less extensive development of soda-felspar, while orthoclase 
and mica, chlorite and epidote, and silicates of alumina, like chias- 
tolite, kyanite, and staurotide (which contain but little or no alkali, 
and are rare in the older rocks), become abundant. The decomposi- 
tion, too, of the rocks is more slow now, because soda-silicates are 
less abundant, and because the proportion of carbonic acid in the 
air (an efficient agent in these changes) has been diminished by 
the formation of limestones and coal. 

§ VII. The author accepts the views of Babbage and Herschel as 
to the internal heat of the earth rising through the stratified depo- 
sits, on account of the superficial accumulation of sediments, meta- 
morphosing the rocks submitted to its action, causing earthquakes 
and volcanic irruptions by the evolution of gases and vapours from 
chemical reactions, and giving rise to disturbances of equilibrium 
over wide areas of elevation and subsidence. 

$ VIII. Mr. Hunt observes that the structure of mountain-chains, 
both those due to the uprise of metamorphosed rocks through ter- 
tiary and secondary deposits, and those formed of older masses of 
sedunent, contorted and altered, bears out the principles of § VIL 

January 19. — Prof. J. Phillips, President, in the Chair. 

The following communications were read : — 

1 . On the Gold-field of Ballaarat, Victoria. By H. Rosales, Esq. 
Communicated by W. W. Smyth, Esq., Sec. G-S. 

Mr. Rosales described the position of the quartz-lodes (the matrix 
of the gold) in the schists of the hill- ranges, from whence originate 
the numerous auriferous gullies, forming eventually several channels 
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(cban-iagee), and the dtiFereDt courses of the old gold-bearing: 
streams, which gradually passing to lower levels, reach the grent 
areas of basalt, under which they continue their hidden course. To 
illustrate these points, the author prepared and sent a MS. map of 
the district from beyond Buninyong to Creswick, on which the 
granite, basalt, schists, and quartz- lodes were shown, as well as the 
gold-channels, gullies, runs, leads, &c., connected with which 96 
named spots or diggings were carefully indicated. 

2. Description of a New Species of Cephalaspis (C. Aaterolepis) 
from the Old Red Sandstone of the neighbourhood of Ludlow. By 
John Harley, Esq. Communicated by Prof. Huxley, F.6.S. 

This new form of Cephalaspis (from Hopton Gate) is at least twice 
the size of C. Lyellii, and is further characterized by the position, 
obliquity, and magnitude of the orbits, llie space between the 
orbits is ])roportionaIly small, and the occipital crest very short. The 
outer enamel-layer is ornamented with tubercles, which, though 
somewhat yariable, bear so close a resemblance to those covering tiie 
bony plates of Asterolepis, as to have suggested the specific name. 
The inner layer of the bony plate presents lacunae and canaliculi. 
resembling those of human bone ; and many of them, in the specimen 
described, are naturally injected with a transparent blood-red mate- 
rial, so distinctly and delicately, that in their minutest details the 
structure of canals not more than ^oioo ^^ ^^ <^ ^"^^ ^^ diameter is 
beautifully revealed. 

Mr. Harley also described a more perfect specimen of Cephalaspis 
Salweyi than the one on which Sir P. Egerton not long since deter- 
mined the species. It was found by Mr. Salwey at Hinstone near 
Bromyard. Associated with the C. Salweyi, the author found a 
specimen of either a dermal plate or a tooth of a placoid fish, re- 
sembling some Silurian fossils called Ccelolepidce by Pander. 
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XXII. Intelligence and Miscellaneous Articles, 

NEW METHOD OF EXAMINING AND VERIFYING THE SPECIFIC 
GRAVITY OF BODIES. BY M. A. MEYER. 

HE methods at present in use for the determination of specific 
gravities are very exact, but at the same time very complicated. 
As the whole question consists in facilitating the means of measuring 
exactly the volume of water equivalent to the volume of the sub- 
stance experimented upon, the problem may be solved in a very 
simple, but at the same time sufficiently exact manner, by operating 
as follows : — After having filled a vessel with water, the long leg of 
a reversed siphon is inserted ; the liquid runs out for a moment, 
but comes to a stand in the tube if the apparatus remains tranquil. 
The body of which the specific gravity is to be determined is then 
immersed, and the water recommences to run out by the siphon. 
Collected in a small receiver, this water represents the exact volume 
of the body. 
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The author states that he has determined hy this method a large 
number of specific gravities which had been determined by older 
methods, and had found complete agreement. He thinks that this 
process might be applied with advantage to the determination of the 
i^ecific gravities of minerals, and in general of bodies whose volume 
prevents their being submitted to the hydrostatic balance. — Comptes 
Rendus, December 20, 1858. 



NOTE ON A THEOREM IN SPHERICAL TRIGONOMETRY. 
BY A. CAYLEY. 

1 am not aware that the following theorem has been noticed: viz., 
in any spherical triangle, if as usual a, b, c are the sides, and A, B, C 
the opposite angles, then 

sin b sin c-j- cos b cos c cos A = sin B sin C— cos B cos C cos a, 

sin c sin a + cos c cos a cos B = sin C sin A— cos C cos A cos b, 

sin a sin ^ H- cos a cos b cos C= sin A sin B— cos A cos B cos c. 

The demonstration is very simple ; in fact we have 

sin i sin c -f cos b cos c cos A 

= sin b sin c (sin* A -f cos* A) + cos b cos c cos A 

= sin b sin c sin* A + cos A (cos ft cos c -f sin b sin e cos A) 

^ sin B sin C sin* a + cos A cos a 

= sin B sin C (1 — cos* a) -|- cos A cos a 

= sin B sin C + cos a (cos A — sin B sin C cos a) 

= sin B sin C — cos B cos C cos a, 

which proves the theorem. 

• 2 Stone Buildings, W.C., 
January 6, 1859. 



DESCRIPTION OF THE METHODS USED TO ASCERTAIN THE 
FIGURE OF OPTICAL SURFACES. BY M. L. FOUCAULT. 

In this note the author describes three processes which he uses 
conjointly to examine the surface of glass mirrors, in order to dis- 
cover those parts at which the local corrections must be made, and 
which he applies lafter wards. 

The first consists in placing in one of the conjugate foci of the 
surface a luminous point, in order to observe with the microscope 
the condition of the pencil reflected about the point of convergence ; 
it is then seen to be decomposed into partial images, the considera- 
tion of which furnishes sure indications as to the condition of the 
surface itself. 

The second method is founded on the employment of an object 
with parallel sides, such as a small piece of steel wire, which is 
placed in one of the conjugate foci, and whose image is observed at 
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a distance by means of a little telescope of small magnifying power, 
provided with a diaphragm corresponding in extent to the pupil of 
the human eye. Under these conditions the apparent image is 
formed in its different parts by the different elements of the mirror ; 
and if these elements have not a common focus, an image of the 
distortions results, which, suitably interpreted, lead to the discovery 
of the faults of the rays of curvature corresponding to the different 
parts of the mirror. 

The third process shows directly, by a comprehensive view, the 
alterations of form reflected on the figure which the mirror ought 
to present under the circumstances in which the trial is made. The 
mirror is so ananged as to give in space the image of a narrow 
orifice pierced in an opake plate, and vividly illuminated by artificial 
light. This image is almost totally masked by an opake screen with 
rectangular edge. The rays, which in passing graze the edge, are 
received directly on the eye, and give an image of the surface of the 
mirror which is perceived in light and shade, and in which all the 
reflexions capable of altering the exact convergence of the entire 
pencil are presented in exaggerated relief. From this the parts are 
discovered where the corrections ought to be brought, which is ac- 
cordingly done. 

The same methods of examination may also be applied to the 
achromatic objectives of telescopes, and allow the application of the 
same system of local corrections. — Comptes Rendus, Dec. 20, 1858. 



ON SOME LARGE SOLAR SPOTS. BY W. R. DAWES^ 

Sir, — There is now visible an enormous mass of spots on the 
sun's disc, composed of two distinct groups near together, each of 
which has a large spot with many smaller ones near it. Without 
telescopic aid a sharp eye, properly defended with a dark glass of 
good colour, will readily see them as two small black spots, very close 
together, a little below the centre and to the right hand of it. With 
a powerful telescope they are wonderful and instructive. The east- 
em large spot is especially so. as exhibiting very distinctly the dark, 
mottled, cloudy stratum, with the black opening, constituting the 
true nucleus, nearly in the middle of it. 

It is much to be regretted that the photographic art has not yet 
succeeded in exhibiting any of the details of these interesting phae- 
nomena ; and to depict them correctly with the pencil is most labo- 
rious, if not absolutely impossible. Moreover, the changes in the 
minuter details are often so great and so rapid, that, if perfectly cor- 
rect pictures could be obtained from day to day, tliey would agree 
only in their general features. The successful application of pho- 
tography to this department of astronomical observation is surely 
worthy of all the ingenuity which could be brought to bear upon it. 
— Times, Jan. 28, 1859. 
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XXIII. Lunar Influence an Temperature as connected with Sere* 
fiity of the Sky. By J. Pabk Hakkison^ Esq."^ 

[With a Plate.] 

1. A RECURRENCE of phsenomena affecting the tempera- 
Xx tore of the air at corresponding periods of the moon's 
age having led me to believe that lunar influence was susceptible 
of a higher degree of proof than had hitherto been attained^ 
tables and curves of mean temperature were constructed for a 
series of years at Dublin and Greenwich (viz. for the years 
1836-46 at Dublin, and 1846-56 at Greenwich), and a careful 
examination was instituted into the average mean temperatures 
of the lunation, with results that appeared to be well established 
for the term of years over which the observations extended. 

It was found that the mean temperature between new moon 
and first quarter, and at last quarter, was in each case consider- 
ably lower than the mean temperature at new moon, first quarter, 
and shortly before last quai'ter : the third day before first quarter, 
and the second day after last quarter appearing on the annual 
mean to be the days of minimum mean temperature; and the 
second day after first quarter the day of maximum mean tempe- 
raturef. 

Further evidence of lunar influence was then traced in the fre- 
quent and often alternate recurrence of maximum and minimum 
mean temperatures for the month on the same days of the moon's 
age, or at lesser lunar intervals, during successive lunations, not 

* Communicated by the Author. 

t In an earlier series of years the maximum is found to occur on the 
day of the first quarter. 

Phil Mag. S. 4. Vol. 17. No. 113. March 1859. M 
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only at Dublin and Greenwich^ but at the Gape^ Madras^ and 
Toronto. 

And lastly^ maximum or minimum mean temperatures were 
found to prevail on eertain days of the lunation more than <m 
others^ — for example^ more maxima than minima on the third 
day before new moon^ and on the second day after first quarter, 
and more minima than maxima on the second day after third 
quarter^ both at Dublin 4md Greenwich^ for a series of years 
embracing more than 400 lunations*. 

These facts were communicated to the British Association in 
the years 1857 and 1868, with the object of bringing them as 
early as possible before the notice of meteorologists ; and they 
have since been confirmed by Mr. J. G. Bloxam, from an ex- 
amination of observations extending over sixteen years in the 
Isle of Wight. Thus in the years 1841-56 the temperature at 
Newport was found to be 0°'8 lower at the third or last quarter 
than at the first : and during five days at first quarter (fiom 
the third day before to the second day after that phase), there 
was an increment of temperature amounting to QP -226 per diem ; 
the corresponding days at last quarter showing a decrement of 
temperature amounting to 0^*110 per diem. The values for N« 
and S. declination in tibe summer and winter months were also 
found to point to the existence of lunar influence in a very 
marked mannerf* I may add that it has now been asoertained 
that at Greenwich the mean temperature of the second day aftear 
last quarter is, on the average of forty-three years, 0^*9 bebv 
that of the second day after first quarter. 

2. Before proceeding with the subject to which I wish to draw 
attention in the present communication, it will be necessary to 
explain that the curve of mean temperatiure for ten years atGieen* 
wich alluded to in paragraph 1, has been remodelled. It is now 
formed from the observations of mean temperature for the ten 
years commencing November 1845 and ending October 1865 
(Plate I. fig. 2); and the mean temperature of the ten preceding 
years, commencing November 1835 and ending October 1845, has 
been formed into a second curve at the same station (fig. 3). Ibt 
temperatures of the two decades presented a remarkable oohtrast. 
Vrom the means of each year from 1845 to 1855, as given by Mr, 
Glaisher in the Philosophical Transacti<ms, it was found that the 
mean temperature of the years 1845-55 was 49^*4; of the yean 

^ The ratio in whieb maxima occurred at Greenwich from 1814 to 1836^ 
and at Dublin from 1830 to IS52, was as follows : — On the third day be- 
fore new moon, as 3 : 2; on the second day after first quarter^ 2:1. The 
ratio which minima bore to maxima on the second day after third (<» last 
quarter) was 3:1. 

t Meteorology of Newport in the Isk of Wight, p. 143. 
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I885.*45, 48°-l *. Now on referring to the curves (figs. 2 and 8)^ 
it will be seen that^ notwithstanding this great difference^ the 
effedts which had been previously remarked in the Dublin and 
Gri'e^wich curves are still in each instance very apparent. That 
is to say^ the mean t^nperature is above the average in both 
eiirveS; (1) at the period of new moon, (2) at first quarter, and 
(3) before last quarter. It is below the average, (1) between new 
moon and first quarter, (2) before and after full moon, and (3) at 
and after last quarter. 

These six periods of high and low temperature should there** 
fi>re be conspicuous in the curve of twenty years' mean tempe-> 
rature. And this is also found to be the case ; more particukurly 
at new moon, and for five or six days before and after it. 

8. It was early perceived, however, and would seem to be a 
point of much importance, that a peculiar influence, which ap^ 
pears to be exerted about the middle of the lunation, advances 
or retards effects which nevertheless still show themselves plainly 
a day or so earlier or later in the curves. The rise in tempera^ 
ture at fiill moon (see a in Plate), which so often takes place for 
a short time in what is otherwise a period of low mean tempera- 
ture, is an instance of this. On referring to the curves it will 
be seen that, in the instance when the rise occurred before full 
moon^ the mean temperature is highest before first quarter; 
when it was (ifter full moon, the rise occurs after first quarter. 
This mov^nent may possibly prove to be a law rather than a 
disturbance; but whether this turn out so or no, it is evident 
that the action would in a series of years obliterate very regular 
and systematic lines in the curves. For this reason, and also 
because different effects attend upon lunar influence at different 
seasons of the year, it appeared to be the better plan to form 
carves of mean temperature for individual months. The remark* 
able manner in which the low temperature in November last, 
.whilst defying the expectations of meteorologists, followed the 
outline of the curves of annual mean temperature at Greenwich, 
hastened the commencement of the scheme. 

4« The long-continued frost of that month, it will be remenX'* 
bered, set in about the 9th day of November, or the fourth day 
after new mooa. It was interrupted by a thaw of three days' 
eontinuanee at first quarter, which raised the mean temperature 
to 42^; after which the cold set in with renewed intensity, till 
on the 19th day of the month— two days before full moon- 
it was 18 degrees below the average of that day (of the month) 

* The average mean temperature of the curves is somewhat higher in 
both instances. This is due to commencing the meteorological year wiA 
November^ and to the omission of the means of the observations in the 
oelaat ookmuis. 

M2 
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for forty-five years. On the 20tli day there was a slight rise, 
reducing the deficiency to 10^ degrees, which was still further 
reduced on the 21st (the day of fiiU moon) to 8 degrees defi- 
ciency. On the three following days the temperature fell again> 
reaching its minimum on the 34th; and then, on the 25th 
day — two days before last quarter — the frost broke up. These 
variations in temperature were found to follow the line of the 
lunar curves of annual mean temperature, even in the rise which, 
as it has been stated, occurs so frequently at the time of full 
moon. It should be mentioned that the wind continued steadily 
in the north or north-east during the short thaw at first quarter, 
and the rise at full moon. 

5. So striking was the aspect of the month, that it led Mr, 
Glaisher (from whose description of the weather in the daily 
papers the above figures are abstracted) to search for similar 

f periods of continued cold in former Novembers. During the 
ast forty-five years, it appeared from the investigation that he 
then instituted, there had been no period analogous to it since 
the year 1815. There were, however, eight periods which were 
noticeable ; and on referring to the Nautical Almanac, I found 
that they occurred on the following days of the lunation : — -viz., 
in 1816, between new moon and first quarter; in 1827, also 
between new moon and first quarter ; in 1829, from the day 
before last quarter to the day before new moon ; in 1838, from 
the same day as the last to the third day after last quarter ; in 
1841, between new moon and first quarter ; in 1849, from the 
third day after first quarter to the day before full moon; in 
1851, from the day before last quarter to the third day after last 
quarter ; in 1856, between new moon and first quarter, — ^in all 
the above instances at the three periods of supposed depression 
in the mean temperature of the lunation. 

6. A table was now formed of the mean temperature of each 
day of the moon's age at Greenwich for forty consecutive No- 
vembers; in the following manner : — ^The mean temperature of 
the days on which the moon entered upon her four principal 
phases being first set down in columns arranged vertically at 
equal distances, at whatever hour of the civil day the changes 
may have occurred, the remaining observations were entered in 
intermediate columns. Thus, if the day of the new moon fell on 
the fourth day of the month, the mean temperature of that day 
having been first set down, the means of the third and fifth days 
of the month were entered in the columns immediately adjoining 
on either side; and the observations in these columns would 
then be considered as the mean temperatures of the first day 
before and the first day after the day of new moon*. And so 

* It is hardly necessary to point out that the means of the observations 
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with the remaining mean temperatures. In consequence^ how- 
ever, of the ever- varying position of the moon in her orbit, and 
the greater or less speed with which she happens to be travel- 
ling, there continually occur an unequal number of observations 
between the quarters^ equally distributed in a. long series of 
years over the whole lunation. For example, in the case of the 
first lunation in the present year (1859), new moon falling on the 
4th day of January at 5^ 25"^ a.m., the first quarter occurred 
on the 12th day at 7^ 22"^ a.m., and full moon at ll^^ 48"^ pm. 
on the 18th day. It follows that there would be seven observa- 
tions of mean temperature between new moon and first quarter, 
and five only between first quarter and full moon. In the latter 
case it is presumed that the deficiency would be not improperly 
made good by repeating the observations of mean temperature 
of the third day after f&st quarter, or the third day before full 
moon, so as to complete the full number of observations in all 
excepting the octant columns. The means of these columns 
were not used in forming the curve of November temperature, 
or the curves of yearly mean temperature, which were derived 
from tables constructed in a similar manner to the one above 
described. 

I i In the curve of M. T. for forty Novembers (fig. 5), which 
was formed from this table, it will hardly be necessary for me to 
draw attention to the remarkable alternation of high and low 
temperature which prevails at regular intervals through the 
lunation. Contrasted with the two curves of ten years' M. T., 
the first half follows the outline of the corresponding half of the 
curve fig. 2. The other half, from the day before full moon, 
very nearly resembles the corresponding period in the curve 
6g, 3. The principal difference consists in the excess of effects 
produced; and I cannot doubt that the more pronounced cha- 
racter of the November curve, as compared with the line of the 
10-year means, is due to the absence of the counteracting in- 
fluences in other months, and of the action and reaction which 
occurs in successive limations, though the numerical difference 
of the observations from whidi the means were deduced must 
also be taken into account. 

7. That very sharp frosts occur on days when the sky is clear 
requires no demonstrative proof; and so in summer nights 
the disappearance of clouds, or prevalence of blue sky, at the 
period of full moon, which appears to be established as a fact 
on the evidence of Humboldt, Sir John Herschel, and other 
astronomers of eminence, might, it was seen, have afforded a 
physical explanation of the depression in the curve at the 

in each column represent the mean temperature of more than a single day 
of the lunation. 
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time of opposition^ had >there been ground for iupposing that 
a similar cloud-dispelling power was prevalent^ though it had 
been overlooked^ at other periods of the lunation. The link 
that was wanting to connect the two phsenomena seemed to be 
suppUed by results obtained by Mr. M. J. Johnson^ the Rad- 
cliflre Observer at Oxford, who, I found, had not only noticed 
that clouds disappeared at other times besides full moon, but 
had made special observations connected with the subject in the 
years 1844, 1845, and 1846. During this period the action 
was found to commence about the fourth or fifth day (^ the 
moon's age, and recurred with intervals up to the fourth or fifth 
day before the conjunction*, — ^thus marking at both extremities 
of the lunation the very points at which minimum mean tempe- 
rature had been observed, and rendering it a matter of the high- 
est probability that the depressions in the curves of mean tem- 
perature were connected with the greater serenity of the sky> 
and that the periods of high mean temperature would also be 
found to depend, on an average of years, in some measure upon 
the amount of cloud. Other circumstances which had come 
under my own notice, or had been collected from various sources, 
seemed to point to the same conclusion f. 

8. Supposing, then, that it were proved that the two phseno* 
mena were connected, it is evident that the efiects which have 
been observed might be attributed to one of two causes, or to 
both. High mean temperature, for example, might be due to 
heat extricated upon the condensation of vapour into cloud and 
rain — or to the law of radiation already referred to, by which in 
certain conditions of the atmosphere heat is retained in the lower 
strata of the air, more especially when the sky is entirely covered 
with thick clouds. It is well known that opposite efiects occur 
during a clear state of the atmosphere, even in summer luna- 
tions, when the mean temperature of the hottest day will often 
be reduced by the action of terrestrial radiation at night to a 
degree that could a priori have hardly been conceived possible. 

9. The two-hourly observations of the amount of cloud which 
were taken at Greenwich, day and night, from 1840 to 1847, 
provided the only means of testing the fact of the dispersion or 
absence of clouds at diflerent periods of the moon's age which 
were attainable. Valuable, however, as these observations were 
for ordinary meteorological purposes, they were not so weH 

* In other yem the cloud-dispelling pQwer is found to be exerted 
earlier in the lunation — seldom later than the day mentioned in the tex^ 
At and before new moon the sky is often concealed fay a thin veil of clou4» 
much as on the day of the eclipse in March 1858. - • 

t Mr. Naamyth also haa notioed the phaBnomenon ol the diapenioii ol 
clouds afaout the fourth day of the moon's age. . 
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adapted to the present inquiry. In addition to the blanks caused 
by the cessation of obserrations on the Sunday, whicl^ could not^ 
in an investigation into lunar influence, be supplied by means 
subjected to ordinary modes of correction, there were errors to 
be allowed for which appeared inseparable from the measurement 
of rapidly-passing and ever-changing bodies of vapour. No di* 
stinction, also, could be made in the daily means between the more 
dense and rarefied clouds. Notwithstanding this, the evidence 
derived from the above observations is most important. Fig. 1 
is a curve formed from tables of the mean daily amount of cloud 
for seven years at Greenwich, arranged in the same manner as 
in the tables of mean temperature, which have been already de- 
scribed, excepting that the sums of each vertical column were 
divided by the number of observations actually recorded : they 
varied from 70 to 76. This cloud-curve will be found to agree 
in a remarkable manner with the curve of M. T. for ten years at 
Greenwich (fig. 2), with which it accords most nearly in point (tf 
time* 

10. Struck by the apparent regularity and boldness of the 
lines of November temperature, I then formed a curve of the 
mean amount of November cloud for the years 1841-48 at 
Greenwich. It was formed in the same manner as the 7-year 
curve, with this exception — ^that the arithmetic means of the 
days immediately before and after the blank days in the tables 
were from necessity introduced to make up an equal number of 
seven observations in each column throughout the lunation. It 
was found that the mean of the means of these columns was 
the same as the mean amount of cloud for November, as given 
in the results of the Greenwich observations, viz. 7*8. The curve 
(fig. 6) which was then formed proved a perfect reflexion of the 
mean temperature of November for forty years, as obtained from 
the lunar tables. 

11. The results of the Greenwich observations for 1840-47 
supplied a further test, or rather index of the serenity of the 
sky at difierent periods in the lunation, and so of the effects on 
temperature produced by an absence of cloud. On extracting 
the cloudless days, or what might be considered cloudless days, 
there enumerated, and arranging them in their proper position 
on the lunar curves of mean temperature, in the three first years 
of the above-named period, out of twenty-three clear days it was 
found that six occurred between new moon and first quarter, 
eight before and after full moon, and five from the day of last 
quarter to the fourth octant. Of the four other clear days, 
mree occurred m a tmgle year (1843) on the second day after 
first quarter, in the months of April, July and August. The 
amount of cloud in two of the exceptional instanoes was 0*3. ' 
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In 1844^ 1845, and 1R46 there were twenty-seven clear days ; 
^nd of these nearly the same proportion as before occurred at the 
three periods of greatest depression in the curve, viz. five between 
new moon and the day before first quarter; ten before and after 
full moon ; and five between the day before last quarter and the 
last octant. Two of the remaining clear days, occurred on the 
day of first quarter, and four (in 1846) on the day before and 
day after first quarter*. 

In 1847 there were five clear days, of which two occurred after 
new moon, and one on the second octant. In this last year the 
observations in January and December were defective. 

On an average of the seven years, the proportion of clear, or 
nearly clear, days (those being considered as nearly clear when 
the amount of cloud did not exceed 0*5) was 2*2 in each 100 
days* Of these, 42 occurred on nineteen days of the lunation 
at the periods of low mean temperature, and 13 on eleven days 
at the periods of high mean temperature. Or, if the years 1842 
and 1846 be omitted, the average of clear days being reduced to 
1*8 in each 100 days, the proportion in which clear days occurred 
in equal periods of low or high temperature is : 1 1*4 : 0*4. 

12. Lastly, there are the results of the observations by 
Schiibler at Augsburg, from 1813 to 1828, which were examined 
by M. Arago and admitted to be in accordance with those made 
by Flaugergues at Viviers, from 1808 to 1828. From a Table 
of the relative number of serene and clouded days at Augsburg 
during the above-mentioned sixteen years, M. Schiibler found 
(1) that clear days were more numerous at last quarter ; (2) that 
the greatest number of clouded days occurred towards (t^^^) the 
second octantf. Also in twenty-eight years at three difierent 
stations, namely at Munich from 1781 to 1788, at Stuttgard 
from 1809 to 1812, and at Augsburg as above, there were 306 
days of rain on the day of the £^st octant, 325 on the day of the 
first quarter, 341 (the maximum) on the day of the second octant, 
284 (the minimum) on the day of the last quarter, and 290 on 
the last octant. It will be perceived that these results, though in 

* It should be observed that the occurrence of clear days immediately 
after first quarter, though termed exceptional, is to be considered so rela- 
tively only, in the same way that low temperatures are found to occur at 
the same period without affecting the rise m the curves. Thus out of the 
twenty-four highest and lowest maximum and minimum mean tempera- 
tures for the month at Greenwich, being one highest and one lowest mean 
temperature for each of the twelve months, during forty-three years, it 
has elsewhere been shown that eleven, viz. seven mmima and four maxima, 
. occurred within three days of the first quarter on each side ; and of these, 
five minima occurred before the day of the change, and two after it. Of 
the maxima, there occurred three after, and one upon the day of first 
quarter. 

t Anmuakep 1825, pp. 166 and 169. 
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part obtained from observations of an earlier series of years, and 
at stations far distant from each other, follow the curve of twcDty 
years' mean temperature at Greenwich, and point to a maximum 
of effects after first quarter, and a minimum at last quarter. 

Other evidence is to be found in Howard, who appears to 
have failed in establishing the fact of lunar influence (in which, 
from long-continued observations, he had the most perfect be- 
lief) mainly from the unfortunate way in which effects, which he 
nevertheless noticed and commented on, were neutralized by 
mixing up the means of days, which a very slight glance at the 
curves will show required to be kept separate. 

It should be explained that the vertical lines in the Plate of 
Curves represent the different days, and the horizontal hues de- 
grees and tenths of degrees of temperature, and also tenths and 
units of cloud. The dark line intersecting each curve is the 
mean of the period. 

P.S. In the second volume of Admiral Smyth's translation of 
Arago's ^ Popular Astronomy ' (p. 313), I find the following 
passage referring to Sir John HerschePs explanation of the moon's 
influence on the clouds, which it will be seen he entirely adopts: — 
'' In a word, provided we do not lose sight of the fact that the 
rays which dissipate the clouds are quite different from those 
whose calorific qualities we have been endeavouring to estimate 
ajb the instant when they reach the surface of the earth, the fact 
which I previously called a prejudice will no longer be contrary 
to physical laws ; and we shall obtain an additional illustration 
of the remark, that popular opinion ought not to be rejected 
vdthout examination." 

I find also in page 318, observations of rain are alluded to, 
which appear to have been made under M. Arago's personal su- 
perintendence : — 

^^ The discussion of the observations made at Paris led to the 
following conclusions : — 

^^The maximum number of rainy days is found to lie between 
the first quarter and the full moon, the minimum between the 
last quarter and the new moon ; and the latter number is to the 
former as 100 is to 126. The accordance exhibited between the 
German observations and those made at Paris is^ as we have 
seen, very striking." 

M. Arago adds, however, that his assistant, M. Gasparin, 
found at Orange that the minimum of rainy days occurs between 
the full moon and the last quarter; but it does not appear 
whether this was early or late in the quadrant, or what was the 
duration of the observations. At Montpellier, in 1777, Poitevin 
also arrived at different results during ten years' observations^ 
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which, however, may be due to his regittering days as rainy on 
which there was a fsJl of local mist or mizsle — ^ire$ brumes. 
{Annuaire, 1825, p. 167.) 

I may mention in conclusion, that there appears to be much 
in the chapters relating to the subject in this second volume to 
countenance the belief that the moon's surface radiates heat un- 
equally ; so that it is perhaps to the different extent of the ab- 
sorbing surfaces, and the length of time during which, at the 
several phases, they are exposed to the solar rays, that one mav 
ascribe the difference in the effects which have been noticed. 
It is evident that the influence must vary with the moon's posi- 
tion ; and it may be further subject to other changes, for which 
the discoveries of M. Niepce de St. Victor and — I venture to 
add (from the frequency of storms at certain periods of the 
moon's age, and the sudden nature of other phsenomena) — ^the 
experiments of electricians will possibly afford an explanation. 



XXIY . On Regehtionf and on the Conservation of Force. 
By Professor Fa&aday. 

[The volume of reprinted 'Experimental Researches in Che- 
mistry and Physics,' by Prof. Faraday, which has just been 
pubUshed, contains the following new matter in relation to the 
above subjects. We think it expedient to transfer it to our pages,] 



On Regehtion, 

THE subject of regelation has of late years acquired very 
great interest through the experimental investigations of 
Tyndall, J. Thomson, Forbes and others, and in its present state 
will perhaps justify a few additional remarks on my part as to the 
cause. On the first observation of the effect eight years ago, 
I attributed it to the greater tendency which a particle of fluid 
water had to assume the solid state, when in contact with ice 
on two or more sides, above that it had when in contact on one 
side only. Since then Mr. Thomson has shown that pressure 
lowers the freezing-point of water*, and has pointed out how 
such an effect occurring at the places where two masses of ice 
press against each other, may lead first to fusion and then 
union of the ice at those places, and so he explains the fact of 
regelation. Prof. J. D. Forbesf does not thmk that pressure 
causes regelation in this manner, though it favours it by moulding 
the touching surfaces to each other. He admits Person^s view 

* Belfast Society Proceedings, December 2, 1857. 

t Royal Society Edinburgh Proceedinga, Api^ 19, 1868, 
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of the gradual liquefaction of ice*^ and assumes that ice must 
be essentially colder than ice-cold water^ t • e> the water in con* 
tact with it. 

I find no difficulty in thinking it would be easy to arrange 
a mixture of water and snow in such a planner that it might 
be kept for hours and days without any transition of heat either 
to or from it ; but I find great difficulty in thinking that the par- 
tides of snow^ small as they may be made^ would remain for the 
whole of the time at a lower temperature by 0^*3 F. than the 
particles of water intermingled with them. Stilly admitting for 
the present the possibility that Prof. Forbes's view may be cor- 
rect^ and also the truthfulness of Mr. Thomson^s principle, and 
its possible action in regelation^ I wish to say a few words on 
the other principle already referred to^ which was originally 
assumed by myself^ which, m relation with the mechanical theory 
of heat, has been adopted by Dr. Tyndall, and which, after all, 
may be the sole cause of the effect. 

The principle I have in view being more distinctly expressed 
is this I — In all uniform bodies possessing cohesion, t . e. being 
in either the solid or the liquid state, particles which are sur- 
rounded by other particles having the like state with themselves 
tend to ^preserve that state, even though subject to variations 
of temperature, either of elevation or depression, which, if the 
particles were not so surrounded, would cause them instantly 
to change their condition. As water is the substance in which 
regelation occurs, I will illustrate the principle by the phse** 
nomena which it presents. Water may be cooled many degrees 
below 82^ Fahr.t and yet retain its liquid state for, as &r as 
we know, any length of time without solidification; yet, intro- 
duce a piece of the same chemical substance, ice, at a higher 
temperature, and the cold water freezes and becomes warm. It 
is certainly not the change of temperature which causes the 
fireezing, for the ice introduced is warmer than the water. I 
assume that it is the difference in the condition of cohesion 
existing on the different sides of the changing particles which 
sets them free and causes the change. The cold water par-p 
tides would willingly, as to temperature, have solidified without 
the ice, but were held fluid by the cohesion with them of other 
like fluid particles on all sides. 

In the other direction, Donny^s experiments have taught us 
that the cohesion amongst the particles of water is so great 

* Ctmptes Rendus, 1850, xxx. 526. 

t Water may be cooled to 22° F. It is probable that if it were perfectly 
freed firom air it would remaiii fluid at a much lower temperatiure; for the 
air is excluded at the freezing-point, and the occurrence of this exclusion 
would break cohesion. 
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that it will support a colnmn of the fluid four or more feet 
high when there is no other power to sustain it ; or will cause 
it to resist conversion into the state of vapour at temperatures 
so much higher than its ordinary hoiling- or condensing-point^ 
that explosion will occur when the continuity^ and therefore 
the cohesion^ is destroyed. The water may be exalted to the 
temperature of 270° Fahr. at the ordinary pressure of the 
atmosphere^ and remain as water ; but the introduction of the 
smallest particle of air or steam will cause it at once to burst 
into vapour^ and at the same time its temperature falls. 

This ability which water has to retain by cohesion its liquid 
state^ refusing to solidify when below the freezing-pointy or 
to become vapour when above the boiling-point, it has in 
common with many other substances. Acetic acid^ sulphur, 
phosphorus, many metals, many solutions, may be cooled 
below the congeaUng temperature prior to the solidification of 
the first portions; many other substances, such as alcohol, 
sulphuric acid, ether, camphine, &c., boil with bumping, or 
boil with different degrees of facility in vessels of different 
substances*. The conclusion, that these differences are due 
to a certain range of cohesion in the case of each body, seems 
to me both simple and natural; this cohesion enabling the sub- 
stances to withstand a change of temperature which, without 
the cohesion, ought to have caused a change of state. The 
effect of extraneous matters as nuclei also appears to me to 
be simple ; for though when introduced, as into cooled or heated 
water, their particles may exert a cohesive force (so to say) 
upon the particles of the fluid, the force so exerted in the first 
iuBtance is rarely equal to the force exerted between the water 
particles themselves. Extraneous substances require prepa- 
ration before their adhesion to fluid is at a maximum; glass 
will permit water to boil in contact with it at 212°, or by pre- 
paration will remain in contact with it at 270° Fahr., as in 
Donny's experiment. It will also remain in contact with water 
at 22 Fahr. without causing its sohdification, and yet an ordi- 
nary piece of glass will set it off at once. 

Enough has been said, I think, to show that water particles 
surrounded by water tend to retain their fluid state in both 
directions at temperatures which are abundantly sufficient to 
make it equally retain the solid or the vaporous state when either 
of them is conferred upon it. There is nothing against the 
assumption that ice has the like kind of power, i . e. the power 
of retaining its solid state at temperatures higher than the 
temperature of ice against water. Nevertheless the fact is 
more difficult to show; still some experiments may be quoted 

* Marcet. 
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in favour of the view. If hydrated erystals of sidphate of soda^ 
eaibonate of soda^ phosphate of soda^ kc.*, be carefully pre- 
pared in clean basins^ by spontaneous evaporation of the water^ 
they will retain their form unbroken, and their hydrated state 
undisturbed, through the high temperatures of a wnole summer, 
though, if broken or scratched even m winter, they will commence 
to effloresce at the place where the cohesion, and with it the 
balance of force, was disturbed, and will from thence change 
progressively throughout the whole massf. As regelation con- 
cerns the condition of water, there is perhaps no occasion to go 
farther. Such facts as the following, however, concern the ex- 
tension of the principle, and illustrate the power of cohesion, 
especially in cases where it is coming into activity. Camphor 
in bottles, or iodide of cyanogen in proper glass vessels, produces 
ciystals sometimes an inch or two in length, which grow by 
the deposition of sohd matter on them from an atmosphere 
unable to deposit like solid matter upon the surrounding glass, 
except at a lower temperature. Crystals in solution grow by the 
deposition of solid matter on them which does not deposit else- 
where in the solution. Many suchlike cases may be produced. 

Returning to the particular case of regelation, it is seen that 
water can remain fluid at temperatures below that at which ice 
forms, by virtue of the cohesion of its particles ; and in so far 
the change is rendered independent of a given temperature. 
Next, I rest on the. fact that ice has the same property as 
camphor, sulphur, phosphorus, metals, &c., which cause the 
deposition of solid particles upon them from the surrounding 
fluid, that would not have been so deposited without the pre- 
sence of the previous solid portions, — a fact sufficiently proved by 
the growth of fine crystals of ice in ice-cold water. This eflTect 
was admirably shown in Mr. Harrison's freezing apparatus^ 
where beautiful thin crystals of ice, six, eight, and ten inches 
long, would form in the surroimding fluid; and these crystals, 
which could not be colder than the surrounding fluid, exhibited 
the phsenomena of regelation when purposely brought in con- 
tact with each other. 

The next point may be considered as an assumption : it is 
that many particles in a given state exert a greater sum of their 
peculiar cohesive force upon a given particle of the like substance 
in another state than few can do ; and that as a consequence 
a water particle with ice on one side and water on the other^ 

* Philosophical Transactions^ 1834^ p. 74; or Exp. Res. Electricity, vol. i. 
p. 191, note. 

t Such a case shows combined solid water at a temperature ready to 
separate and change into vapour^ yet not changing, because, as &r as we 
can see, the undisturbed cohesion holds all together. 
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ia not' BO apt to become solid as with ice on both sides; also 
that a particle of ice at the surface of a mass in water is not 
so apt to remain ice as when^ being within the mass^ there ii 
ice on all sides^ temperature remaining the same. If that be 
admitted^ then regelation is sufficiently accounted for. Dif* 
ference of temperature above or below that of the changing 
points of water is not alone sufficient to cause change of state^ 
the change being independent of temperature throughout a htgd 
range. At such times the particles appear to be. governed 1^ 
cohesion. Cohesion resolves itself into tiie force exerted on one 
particle byits neighbours; and this force seems to me to be sof* 
ficient^ under the circumstancesi to account for regelation. 

Supposing this to be the true view of the state of things^ 
then a particle of ice within ice can exist at a temperature 
higher than a like particle of ice on its surface in contact with 
water; and though it does not appear at present how a higher 
temperature could be conmiunicated to the interior of a mass 
of freezing ice than that existing over its surface^ still there 
may be principles of action in radiation^ and even in conduction 
and liquefaction^ producing that effect. Assuming, however, 
that a piece of freezing ice is in such a state, then, if it were 
to be pulverized, it ought to produce a mixed mass of ice and 
water colder thui the ice was before. Such seems to be the 
result in one of Prof. Forbes's experiments, in which ice rapidly 
pounded showed a temperature of 0^*8 Fahr. below the tem^p 
perature of snow in a thawing state. The experiment, however, 
would require much consideration in every point of view, and 
much care before it could be considered as telling anything 
beyond the temperature of ice*cold water. 

On the other hand, if a spherical cup of ice could be pre* 
pared containing water withm, to which no heat could pass 
except by conduction through the ice itself, that water ought 
to be a little colder than the ice cup around it : also if a 
mixture of uiow and water were pressed together, the tempe- 
rature should rise whenever regelation occurred, being an effeel 
in the contrary direction to that which Prof. J. Thomson con* 
templates ; and such a mixture, as a whole, ought to be warmer 
thtti the water in the ice sphere mentioned above. No doubt 
nice experiment will hereafter enable us to criticise such imi^- 
nary results as these, and, separating the true from the untrue^ 
will establish the correct tiieory of regelation. 



On the Conservation of Force, 
During the year that has passed since the publication of cer- 
tain views regarding gravitation, &c., I have come to the know- 
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ledge of Tftrioiur obsenrations upon tbein^ some adrerse^ others 
bvoorable : these have given me no reason to change my own 
mode of viewing the subject; but some of them make me think 
that I have not stated the matter with sufficient precision. The 
word "force'' is understood by many to mean simply "the 
tendency of a body to pass from one pkce to another,'' which is 
equivalent, I suppose, to the phrase " mechanical force ; " those 
who so restrain its meaning must have found my argument very 
obscure. What I mean by the word " force," is the cause of a 
physical action ; the source or sources of all possible changes 
amongst the particles or materials of the universe. 

It seems to me that the idea of the conservation of force is 
absolutely independent of any notion we may form of the nature 
of force or its varieties, and is as sure and may be as firmly held 
in the mind, as if we, instead of being very ignorant, understood 
perfectly every point about the cause of force and the varied 
effects it can produce. There may be perfectly distinct and 
separate causes of what are called chemical actions, or electrical 
actions, or gravitating actions, constituting so n^iany forces; but 
if the '^ conservation of force " is a good and true principle, each 
of these forees must be subject to it : none can vary in it9 
absolute amount ; each must be definite at all times, whether for 
a particle, or for all the particles in the universe ; and the sum 
sko of the three forces must be equally unchangeable. Or, 
there may be but one cause for these three sets of actions, and 
in place of three forees we may really have but one, convertible 
in its m«iifestations; then the proportions between one set of 
actions and another, as the chemical and the electrical, may be- 
come very variable, so as to be utterly inconsistent with the 
idea of the conservation of two separate forces (tiie eleetrical 
and the chemical), but perfectly consistent with the conservation 
of a force, being the common cause of the two or more seta of 
action* 

It is perfectly true that we cannot always trace a force by its 
actions, though we admit its conservation. Oxygen and hy- 
drogen may remain mixed for years without showing any signs 
rf chemical activity ; they may be made at any given instant to 
exhibit active results, and then assume a new state, in which 
again they appear as passive bodies. Now, though we cannot 
dearly explain what the chemical force is doing, that is to say, 
what are its effects during the three periods before, at, and after 
the active combination, and only by very vague assumption can 
approach to a feeble conception of its respective states, yet we 
do not suppose the creation of a new portion of force for the 
active moment of time, or the less believe that the forcea be* 
longing to the oxygen and hydrogm exist unchanged in t}ieir 
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amoant at all these periods, thoagh varying in their results. A 
part may at the active moment be thrown off as mechanical force^ 
a part as radiant force, a part disposed of we know not how ; 
but believing, by the principle of conservation, that it is not 
increased or destroyed, our thoughts are directed to search out 
what at all and every period it is doing, and how it b to be 
recognized and measured. A problem, founded on the physical 
truth of nature, is stated, and, being stated, is on the way to its 
solution. 

Those who admit the possibility of the common origin of all 
physical force, and also acknowledge the principle of conserva- 
tion, apply that principle to the sum total of the force. Though 
the amount of mechanical force (using habitual language for 
convenience sake) may remain unchanged and definite in its 
character for a long time, yet when, as in the collision of two 
equal inelastic bodies, it appears to be lost, they find it in the 
form of heat ; and whether they admit that heat to be a con- 
tinued mechanical action (as is most probable), or assume some 
other idea, as that of electricity, or action of a heat-fluid, still 
they hold to the principle of conservation by admitting that the 
sum of force, t. e. of the ^' cause of action," is the same, whatever 
character the effects assume. With them the convertibility of 
heat, electricity, magnetism, chemical action and motion is a 
familiar thought ; neither can I perceive any reason why they 
should be led to exclude, a priori, the cause of gravitation from 
association with the cause of these other phaenomena respectively. 
All that they are limited by in their various investigations, 
whatever directions they may take, is the necessity of making 
no assumption directly contradictory of the conservation of force 
applied to the sum of all the forces concerned, and to endeavour 
to discover the different directions in which the various parts of 
the total force have been exerted. 

Those who admit separate forces inter-unchangeable, have to 
show that each of these forces is separately subject to the 
principle of conservation. If gravitation be such a separate 
force, and yet its power in the action of two particles be sup- 
posed to be diminished fourfold by doubling the distance, surely 
some new action, having true gravitation character, and that 
alone, ought to appear, for how else can the totality of the force 
remain unchanged 7 To define the force as ^^ a simple attractive 
force exerted between any two or all the particles of matter, 
with a strength varying inversely as the square of the distance," 
is not to answer the question; nor does it indicate or even 
assume what are the other complementary results which occur; 
or allow the supposition that such are necessaiy : it is simply, 
as it appears to me, to deny the conservation of force. 
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As to the gravitating force^ I do not presume to say that I 
have the least idea of what occurs in two particles when their 
power of mutually approaching each other is changed by their 
being placed at different distances ; but I have a strong convic- 
tion, through the influence on my mind of the doctrine of con- 
servation, that there is a change; and that the phaenomena 
resulting from the change will probably appear some day as the 
result of careful research. If it be said that " 't were to con- 
sider too curiously to consider so," then I must dissent : to 
refrain to consider would be to ignore the principle of the con- 
servation of force, and to stop the inquiry which it suggests, — 
whereas to admit the proper logical force of the principle in 
our hypotheses and considerations, and to permit its guidance 
in a cautious yet courageous course of investigation, may give 
us power to enlarge the generalities we already possess in respect 
of heat, motion, electricity, magnetism, &c., to associate gravity 
with them, and perhaps enable us to know whether the essen- 
tial force of gravitation (and other attractions) is internal or 
external as respects the attracted bodies. 

Returning once more to the definition of the gravitating 
power as " a simple attractive force exerted between any two or 
all the particles or masses of matter at every sensible distance, 
but with a strength varying inversely as the square of the 
distance^^^ I ought perhaps to suppose there are many who 
accept this as a true and sufficient description of the force, and 
who therefore, in relation to it, deny the principle of conserva- 
tion. If both are accepted and are thought to be consistent with 
each other, it cannot be difficult to add words which shall make 
" varying strength" and ^' conservation " agree together. It can- 
not be said that the definition merely applies to the effects of gra- 
vitation as far as we know them. So understood, it would form 
no barrier to progress ; for, that particles at different distances are 
urged towards each other with a power varying inversely as the 
square of the distance, is a truth : but the definition has not that 
meaning; and what I object to is the pretence of knowledge which 
the definition sets up when it assumes to describe, not the par- 
tial effects of the force, but the nature of the force as a whole. 

XXV. On a Method of Observation applied to the stvdy of some 
Metamorphic Rocks; and on some Molecular Changes exhibited by 
the action of Acids upon them. 5yALPH0NSE Gages, M.R.LA,* 

CHEMICAL analysis makes us acquainted with the consti- 
tuents of rocks, and with the relative proportions in which 
they are combined ; but, generally speaking, it can tell us no- 

* Communicated by the Author, having been read at the Meeting of the 
British Association at Leeds. 
Phil. Mag. S. 4. Vol. 17. No. 113. March 1859. N 
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thing of their origin^ mode of formation^ or intimate structure. 
The various reactions to which we must have recourse give us 
the elements of which rocks are composed^ but usually in a state 
of combination wholly diflFerent from that in which they previ- 
ously existed. Chemical analysis may enable us to form per- 
fectly clear conceptions about the nature of definite mineral 
compounds^ but by its aid alone we could not hope to arrive at 
any very certain results as to the character of the modifications 
which such compounds might undergo in time. If this be true 
of simple minerals^ how much more so must it be of such hetero- 
geneous substances as the majority of rocks^ especially those of 
metamorphic origin. 

The mechanical processes employed in the preparation of 
fragments of rocks for analysis^ as well as some of the chemical 
operations to which the mechanically prepared substance must 
be submitted^ destroy the peculiar structural arrangement of the 
rock^ and intimately mingle different constituent minerals^ or the 
altered and unaltered part of the same mineral. It is only by 
a series of comparative experiments, varied in every possible way, 
that we could hope to solve the problem of the genesis of many 
minerals and rocks, but particularly of the class known as me- 
tamorphic. 

The simple action of acids and other dissolvents on many 
rocks, removing from them certain parts and leaving others ex- 
posed to view, affords us the opportunity of making such a series 
of comparative experiments as may often enable us to discover 
their mode of formation, and the character and extent of the 
alteration they may have suffered. It is important to remark 
that the mechanical state of the substances to be acted on is not 
' an indifferent element in experiments of this kind ; the chemical 
result will of course be the same, whether the substances to be 
acted upon be in the form of powders, of laminse more or less 
fine, of rock fragments, or of crystals cut in the direction of some 
of their cleavage planes ; but the true interpretation of the several 
phsenomena observed will be essentially different according to the 
geological origin of the substances under investigation. In sup- 
port of this proposition I may allude to some examples lately 
supplied by experiments which I have made, and of which the 
following notice contains an outline. In carrying out these ex- 
periments, I have paid special attention to the skeleton which 
results from the action of acids upon thin laminse of rocks or in- 
dividual crystals. 

One of the best examples of the value of this mode of exami- 
nation by acids was afforded by a fibrous dolomite, found near 
Miask in the Ural Mountains. The analysis of the mineral made 
in the ordinary way gave a quantity of lime, magnesia, and silica, 
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represented by the following numbers : — 

Carbonate of lime 57*483 

Carbonate of magnesia 40*974 

Sesquioxide of iron and alumina . . 0*411 
Water and organic matter .... 0*239 
Silica 1-095 

100-202 

From this analysis it would appear that the mineral to which 
I have referred is a dolomitic rock ; but it affords us no informa- 
tion whatever relative to its real nature or origin. If, however, 
instead of operating on the mineral in the form of powder, or 
fragments coarsely broken up, we proceed by means of diluted 
hydrochloric acid acting on a single fragment of moderate dimen- 
sions cut in the direction of the fibres, we shall observe, after 
continuing the process for some days, that there will be left an 
asbestiform skeleton having the following composition : — 

Silica 68 

Magnesia*. ... 29 

— ^numbers representing a magnesian tremolite. It is from this 
simple difference in the manner of conducting the experiment 
that a result so different from the former has been arrived at, 
and one that enables us to trace, so to speak, the real origin of 
the rock in question. 

Some varieties of magnesite (siliceous carbonate of magnesia) 
similarly treated with dilute hydrochloric acid, leave silico-gela- 
tinous residues, which afford indications, as in the former case, 
of the origin of the rock from which they are derived. Another 
case in point is the possibility of following the transition from 
meerschaum, which is a definite silicate of magnesia, to a repla- 
cing pseudomorphite of ordinary carbonate of magnesia contain- 
ing mere tracer of silicates. 

Another example is afforded by the manner in which concen- 
trated hydrochloric acid acts upon crystals of certain varieties of 
zeolites with alkaline bases. This action shows, from the partial 
decomposition effected, the stages of alteration through which 
these minerals pass. A crystal of Thomsonite boiled with hy- 
drochloric acid, deposits, after the saturation of the alkali, a ge- 
latinous transparent precipitate of silica ; and an opaline skeleton 
remains, which, to a certain extent, presents the outlines of the 
primitive crystal. A mass of these crystals treated in the same 
manner, and dried after separation of the gelatinous silica, resem- 
bles in appearance some of the siliceous aggregates which are 
often found in solfataras and in other volcanic localities as well 



* Vide Phil. Mac. for March 1868. 
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as Id some thermal springs. No doubt many of those volcanic 
products have been formed by natural processes similar to that 
which I have described. 

The opals found in the basaltic district of the North of Irdand, 
and occurring in the cavities of amygdaloidal greenstone at the 
Giant^s Causeway, have most probably been derived from the 
gelatinous silica of decomposed zeolites, while some of the spe- 
cimens of the same locality described as hydrophane, resemble in 
a remarkable manner certain of the skeletons resulting from the 
action of acids upon some altered trap-rocks*. 

I may, as an illustration, refer to a variety of magnesite de- 
rived from the decomposition of basalt, and described by General 
Portlock in his ' Geological Report on the Counties of London- 
derry, Tyrone, and Fermanagh,' pp. 1 1 4 and 115. This mineral 
substance presents one of the best illustrations of the peculiar 
metamorphic changes which occur during the decomposition of 
some basalts. Dr. Apjohn has given an analysis of the mineral 
at page 1 14 of the ' Report ' above named, from which it would 
appear to be a hydrous silicate of alumina and magnesia. This 
mineral substance is of a greyish-white colour, and consists of a 
series of parallel laminse* 

A lamina of this mineral, of about 2 centimetres square by 
2 millimetres thick, when boiled for some time with hydrochloric 
acid and then with sulphuric acid, leaves, after an action of several 
days, a skeleton of amorphous silica, blackened by the sulphuric 
acid acting upon organic matter derived, doubtless, from the water 
of infiltration. When the acid and organic matter are removed 
by washing and ignition, there remains a skeleton of pure amor- 
phous silica lighter than water, and presenting the perfect form 
of the primitive substance, visibly constituted of thin laminae su- 
perimposed like the leaves of a book. After immersion in water 
for a sufficient length of time, it becomes translucent, and acquires 
all the characters of certain varieties of hydrophane. The quan- 

* Common opal ocGurs, filling the cavities of amygdaloidal greenstone 
at the Causeway ; Rathlin Island ; Crossreagh, parisnof Baliywilling; and 
in several places along the basaltic range, — ^principally white, varying from 
translucent on the edges to opake ; also striped, and sometimes yellowish. 

At Sandy Braes (Connor parish. County of Antrim), it is met in great 
abundance, forming strings or irregular veins in the pitchstone porphyry 
of that district, generally opake and white ; also yellow, or reddisn yellow, 
and highly tranMucent, having much the aspect of the coarser varieties of 
amber. Occasionally it presents considerable play of colours : associated 
with it, but sparingly, jaspar-opal is found. 

Hydrophane is found at the Causeway in small roundish masses in 
amygdaloid, of a brownish-white colour^ much like mountain-cork. Also 
at Crossreagh, parish of Ballywilling. (Report on the Geology of the , 
County of Londonderry, Tyroue, ^nd Fermauagh, by General JPortlock, 
F.R.S.) 
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tity of water which it absorbs is more than 115 per cent. If 
left exposed to the air for some time, the siliceous skeleton loses 
the greater part of the water, but retains a mean quantity of 
about 6'40 per cent., which corresponds very nearly with the 
formula 3 Si, 0^, HO given by Beudant for an opake white 
opal from Castellamonte. 

If it be immersed in a solution of ammoniacal sulphate of 
copper, and afterwards exposed to the open air, it retains a por- 
tion of the copper salt, even though subjected to repeated wash- 
ings^ and in the moist state it presents the appearance of certain 
varieties of silicate of copper (copper hydrophane) ; in sulphuric 
acid the substance becomes hysJine, and retains a portion of 
the acid with great tenacity even after repeated washings. A 
solution of caustic potash dissolves the skeleton with great faci- 
lity even after ignition. 

Although it seems difficult to ascribe to this siliceous matter 
a capability of forming definite compounds, yet the facts just men- 
tioned are not less remarkable. The molecular condition in 
which the silica exists in such alumino-magnesian compounds as 
I have described, and the action which it exerts on a great 
namber of substances, would appear to indicate a point of con- 
nexion between chemical phsenomena, strictly so called, and co- 
hesive forces*. 

As an illustration of the decomposition and subsequent recon- 
struction of rocks, I may refer to a pseudomorphite of quartz- 
rock, in all probability derived from magnesite, and obtained 
from nearly the same locality as the former mineral, which, 

* Sir J. Herscfael, in hia Introductory Address as President of the 
Chemical Section of the British Association at the Leeds Meeting, 1858^ 
made some observations on the relation between capillarity and chemical 
affinity, which appear to me to have a striking bearing upon the above 
experiments. I cannot avoid quoting the fouowing passage from that 
discourse : — 

"There is another class of phienomena which, though usually considered 
as belonging peculiarly to the domain of general physics, and so out of our 
department, seems to me to want some attention m a chemical point of 
view. It is that of capillary attraction. The coefficient of capillarity 
differs very remarkably in different liquids, and no doubt also m their 
contact with different solids; — a fact which can hardly be separated from 
the idea of some community of nature between the capillary force and 
those of elective attraction. I hardly dare to hint at the existence of some 
•light misgiving I have always felt as to the validity of the received sta- 
tical theory of capillary action, which carries with it the authority of such 
names as those of Laplace and Poisson. Any discussion of this point 
would be matter for another section of this Association ; and if I here 
toudi upon it, it is onlv to observe that my impression of the requisiteness 
of a force so far allied to chemical affinity as to be capable of saturation, 
rests on other grounds besides that of the mere diversity of action above 
alluded to." 
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like it^ was composed of a series of parallel laminae : the interior 
layers possessed a certain amount of permeability^ whicb^ upon 
examination with a lens, showed that silica had passed into the 
crystalline state ; nevertheless some traces of amorphous silica 
could still be detected by the test of caustic potash. The density 
of this pseudomorph is nearly the same as that of ordinary 
quartz-rock. It would appear, therefore, that the alumino-mag- 
nesian base of the original rock having disappeared, a perme- 
able siliceous skeleton remained, which was subsequently infil- 
trated by the silica of the alkaline silicates derived from the de- 
composition of the surrounding trap-rocks. 

To the same class of phsenomena we may probably also refer 
the petrifaction of the fossil wood occurring in the vicinity of 
Lough Neagh, and which, according to Bischof, contains 71 per 
cent, of silica ; and the slight alkaline reaction which the same 
observer has attributed to the waters of that lake, may in such 
case be attributed to the decomposition of the alkaline silicates. 

The mineral substances called mountain leather and mountain 
cork, which are chiefly derived from the decomposition of hom- 
blendic and augitic rocks, as in the county of Londonderry, 
exhibiting as it were in themselves a kind of natural process 
similar to that here described, leave, when treated with acid, a 
white spongy skeleton of excessive lightness, which swims in 
water and bears the greatest analogy to some varieties of nedique 
quartz. This residue of silica absorbs about four times its 
weight of water, and rapidly dissolves in a weak solution of 
caustic potash, even after the skeleton has been heated to redness. 
The specimens of mountain leather, cork, &c., from the district 
above named, as well as many minerals of a like character, are 
evidently the result of a more or less advanced state of alteration 
of hornblendic and augitic rocks. We may recognize two stagesof 
this decomposition : in the first, we have sometimes almost a 
mere spongy aluminous silicate, of variable composition, often 
more or less impregnated with carbonates of lime and magnesia, 
or with carbonate of lime alone; in the second stage the whole 
of the siliceous compounds forming the sponge disappear, and 
are replaced by carbonates of lime and magnesia, or by both — 
the character of the metamorphosis being often only recogniz- 
able by thin coatings, often mere films, of mountain-leather 
substances, covering one or both sides of the replacing carbon- 
ates : these films are always recognizable by a practised eye. 

I may here remark that the silica retained in the preceding 
substances is alwavs in the soluble amorphous condition, which 
appears to be conclusive as to their origin. 

Serpentine, cut into thin pieces of various shapes and treated 
by acids and other solvents, exhibits in a great number of in- 
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stances the original mineral substances from which it has been 
derived. 

By this treatment, a siliceous skeleton is always left, in which 
the mineral substances alluded to are nearly always enclosed ; 
on immersion in water, this skeleton becomes opalescent, and 
exhibits many of the phaenomena of the skeletons already de> 
scribed. 

This mode of treatment by various solvents enables us at 
once to account for the variations which occur in many of the 
published analyses of serpentine, as it must be evident that the 
nature, quantity, and stage of decomposition of the enclosed 
minerals must greatly vary. My experiments on this subject 
are not as yet sufficiently advanced to oflFer more than a few 
concluding remarks respecting some properties which I have 
lately observed in connexion with the skeletons of several speci- 
mens of serpentine. In two I have succeeded in detecting the 
presence of organic matter under the action of concentrated 
sulphuric acid. One of these is from the neighbourhood of 
Holyhead, and the other from Snarum in Norway. The speci- 
men from Norway is of a yellowish-green colour with undulating 
lines of light green ; and its skeleton, which is almost entirely 
soluble when submitted to the action of caustic potash, shows 
small micaceous spangles of talc, and also black spots derived 
from decomposed garnets. It absorbs about 40 per cent, of 
water, becoming translucent, and is of a rather compact structure. 
The serpentine from the neighbourhood of Holyhead, treated 
with sulphuric acid, presents marks of carbonization ; but it is 
only at certain isolated points, and the skeleton appears to pos- 
sess the property of cleavage in certain definite directions. 

The serpentine of Galway, though of a variable character, is 
more or less readily acted upon by acids, according to the state 
of alteration which it has undergone, and the quantity of car- 
bonate of lime which it contains, the latter being often uniformly 
disseminated through the mass. The skeleton which it leaves 
is in general very friable, and falls to powder on drying ; the part 
not affected by the action of caustic potash is formed by an ag- 
glomeration of micaceous spangles of talc, and also insoluble 
silica. The green colour is produced chiefly by protoxide of 
iron, which forms the irregular veins observable. 

In the serpentine of Penzance, coloured chiefly by peroxide 
of iron, the siliceous skeleton envelopes a nucleus almost unaf- 
fected by the action of acids, and which consists of an aggregation 
of more or less altered diallage and hornblende. 

By the simple process which I have endeavoured to describe, 
namely the submission of thin laminaj to the influence of acids 
and other solvents, true serpentines, which are hydrated mine- 
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rals leaving siliceous skeletons of amorphous silica^ may be 
distinguished at once from many other rocks^ frequently consi- 
dered as serpentine. The latter are often mere altered clay- 
slate, so nearly resembling true serpentine lithologically^ as to 
have been frequently confounded with them^ though quite di- 
stinct in chemical composition. 

The only object I have had in view in the preceding notice, 
has been to direct the attention of geologists to the method; as 
I am still occupied with the subject, I have thought it better to 
reserve fuller details for another occasion. 



XXVI. The Astronomer Royal^s Remarks on Mr. Cayley^s 
Trigonometrical Theorem, and on Professor Ghallis's Proof that 
Equations have as many Roots, Sfc, 

To the Editors of the Philosophical Magazine and Journal, 

Gentlemen, 

THE following are the partly geometrical proof and the geo- 
metrical interpretation of Mr. Cayley 's equation of sphe- 
rical trigonometry, 

sin A . sin c -H cosi . cos c . cos A = sinB . sin C — cos B . cos C .cosa, 

given in your last Number. 

In the diagram, let the 
hemisphere be so projected 
that its boundary is the 
great circle formed by the 
side a produced. Produce 
b and c in arc of great 
circle, so that 

and join DE by an arc of 
great circle. Then each 
side of the equation above 
will be equal to cos DE. 

First. Cos DE = cos AD . cos AE H- sin AD . sin AE . cos A = 
cos (90^- c) . cos (90°-6) + sin (90°- c) . sin (90° -i). cos A = 
sin c . sin & + cos c . cos b , cos A. 

Second. With pole B describe the great circle F G D H, and 
with pole C describe the great circle I E 6 K ; 6 being the inter- 
section of the two great circles. Since GB = GC = 90°, G is the 
pole of a, or the centre of the pi-ojection. Therefore 

GE=GI-IE=90^-C; and GD=90°-B. 
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Also BF =90°= CI; therefore IF=BC=aj and 

EGD=180°-IGP=180°-a. 
Hence 

cos DE = cos DG . cos EG + sin DG . sin EG . cos EGD 

= cos (90°-B) . cos (90°-C) 

+ sin (90°-B).sin (90^-0) . cos (180°-fl) 

= sin B . sin C — cos B . cos G . cos a. 

Consequently. 

sin & . sin c+ cos & . cos c . cos A=sinB . sinC — cosB .cos C .cosa^ 

which is Mr. Cayley^s theorem. 

I take this opportunity of offering a remark on Professor 
Challis's ^^ Proof that every Equation has as many Roots/^ &c^ 
in your last Number. 

The sentence which commences on page 113 and terminates 
on page 114^ stands thus : — '^ Hence after eliminating z from 
the above two equations, we may obtain a possible value of y^ 
from the resulting equation by methods of approximation.'^ I 
submit that at present we are not entitled to assume that we can 
obtain a possible value of y^ from the resulting equation. If it 
can be shown that the resulting equation is of an odd order ; or 
if it can be shown that, if of an even order, its last term is ne- 
gative ; then it will be certain that a value of y^ can be found. 
But till one of these cases is proved, I submit that the possibility 
of finding a value for y^ is not proved. 
I am. Gentlemen, 

Your obedient Servant, 

Royal Observatory, Greenwich, G. B. AlSY. 

Febniary 4, 1859. 



XXVII. On the Reflexion and Inflexion of Light by Incandescent 
Surfaces. By W. R. Grove, Esq., F.R.S. ^c. 

To W. Francis, Esq. 
My dear Sir, 

ON putting 4n order some old papers, I found a manu- 
script in my own handwriting, and the subject of which 
I had entirely forgotten ; and it was not until some time had 
elapsed that 1 coidd recollect anything about the experiments 
contained in it. I now remember that they were made at the 
London Institution ; and it must have been from ten to fifteen 
years ago. I have no recollection of the reason why I did not 
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publish them^ and can only guess that it was in accordance with 
my general habit of not publishing negative results. The results 
here, however, though negative, seem to me interesting, as posi- 
tive results would a priori be expected ; and if you think them 
worth publishing in the Philosophical Magazine they are at 
your service. 

Yours faithfully, 
W. R. Grove. 

The difference in appearance to an observer of a polished sur- 
face when at ordinary temperatures and when ignited, is suffi- 
ciently marked. The self-luminous character of the ignited 
body apparently removes the impressions of surrounding objects, 
and would lead to the belief that reflexion, at least that of the 
character yielded by polished surfaces, was destroyed. Such 
has been the a priori impression of those whose opinions I have 
asked on the subject. My own belief was, that if polished sur- 
faces when ignited reflected light, they at all events broke up or 
scattered the reflected rays, and would cease to have the character 
of a polished surface ; and that if they reflected light at all or 
notably, they would reflect it as paper or snow does, dispersing 
the rays so as to produce a general impression of luminosity, 
instead of throwing them back in a parallel beam, or one in which 
they preserved their original relative inclination. 

The subject appeared worth investigation ; and as I could not 
find that it had been attempted, I determined to make a few 
experiments upon it. The difficulty which immediately presented 
itself was, that the surfaces which are mainly employed for po- 
lished reflexion being oxidable metals, their physical structure 
would be changed by the oxidation conseqiient on incandescence. 
Gold or platinum, therefore, were the only substances which 
promised any success ; and the latter, from its reflecting white 
light and more ready capability of retaining a high temperature, 
was selected. A strip of platinum-foil, 2 inches long by 0'2 
broad, was firmly stretched on a piece of plate glass, polished 
with putty powder and tripoli until it had reached as high a 
lustre as it could be made to attain. One extremity was then 
fixed in a clamp attached to a wooden frame ; and to the other 
extremity was attached, by a similar clamp, a metal weight, from 
which weight a wire extended and dipped into a vessel of mer- 
cury : the whole was arranged with care, so as not to bend or 
disturb the plane surface of the platinum. The foil thus sus- 
pended was brought opposite a vertical cleft in a window-shutter 
facing the meridian, which cleft could be made of any convenient 
size by horizontally moveable boards. The platinum-foil was 
placed opposite the cleft, so as to receive a sunbeam ; a sheet of 
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white paper was arranged directly in the path of the reflected 
beam; and the distance of the paper from the platinum was in- 
definitely varied during the experiment. Having accurately 
marked the boundaries of the reflected beam and its intensity, as 
far as the eye could judge, the platinum was made part of the 
circuit of a voltaic battery, the intensity- of which was varied so 
as to produce effects on the foil varying from a heat scarcely 
visible in the dark, to incandescence up to the point of fusion, or 
rather to the point at which the foil broke, from its diminished 
cohesion ; for with a weight suspended, although not more than 
barely sufficient to keep the foil stretched, it always broke off at 
a temperature short of its point of fusion. In none of these 
variations, however, was there the slightest apparent difference 
in the reflected light on the paper. Or if, as occasionally hap- 
pened, the shape a little changed during the progress of the ex- 
periment, it was fully explained by the elongation dependent 
upon the heat, or by the consequent removal of slight curvatures. 
A similar experiment was made with diffused daylight, and 
with similar effects ; also with the light from an Argand lamp. 
In the latter case, when the reflected beam was so dim as to be 
interfered with by the light afforded by the incandescent pla^ 
tinum, the image was proportionately affected. Still it preserved 
its character, and, as far as could be judged, its intensity ; and 
it was only by a very high degree of incandescence and a very 
feeble incident light that the reflected image seemed to merge 
in the direct light from the incandescent body. 

I now brought my eye into the position where the paper 
had been placed so as to catch the reflected beam, while my 
assistant alternately made and broke contact with the battery. 
When the incident sunlight was sufficiently intense to mask 
the emitted light of incandescence, I could not in the sUghtest 
degree distinguish whether the platinum was ignited or cold. 
When I first tried it, I two or three times complained wrongly 
to my assistant that he had not made contact when I told him 
to do so ; when the incident light was very dim, the emitted 
light was of course also distinguishable. I now caused the 
spectrum from a flint-glass prism to fall on the platinum, and 
with similar effect ; i. e, when the reflected spectrum was very 
intense, no difference could be detected between the light from 
the platinimi, whether cold or ignited, or whether received upon 
paper or upon the eye ; when less intense, the red portion of the 
spectrum was elongated by the light of incandescence, and the 
other portions partook of the character of the spectrum super- 
posed upon, or blended with, the light of incandescence. 

The prism was also arranged so as to intercept the reflected 
instead of the incident beam ; the effects were similar. 
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A beam of light polarized by reflexion at the proper angle 
from a plate of glass^ was made to fall on the platinum surface, and 
then analysed by a tourmaline ; no difference was perceptible in 
the plane of polarization, whetiier the platinum was ignited or 
not. 

The light reflected from the platinum was similarly polarized 
and analysed ; but no difference dependent upon incandescence 
was detected. 

A wire of platinum, 6 inches long and ^^^th of an inch in diame- 
ter, was vertically suspended in the narrow fissure of the shutter; 
the bands of interference were received on paper placed at differ- 
ent distances from the wire, and examined both by the eye and 
by a lens ; no difference could be detected in these bands when the 
wire was ignited by a voltaic battrey. 

In all the above experiments the foil or wire was ignited by 
the battery previously to the commencement of each class of 
experiment, so as to avoid any effect arising from the alterations 
caused by the platinum having been subjected to heat, — such, 
for instance, as the effect of annealing might produce, or the 
burning off from it of films of moisture, or of oxidable sub- 
stances. 

The general result of these experiments is, that no difference 
is perceptible by the eye in light reflected by a pohshed surface, 
whether that surface is ignited or not ; that the superficial mo- 
lecular uniformity which causes a bundle of parallel rays to 
preserve their parallelism of direction when reflected, is, if the 
ignited substance be inoxidable, not broken up by ignition. 

I know of no photometer which would be suitable for indicating 
their effects with greater accuracy than the eye ; but, although 
these results lead to a conclusion different, I believe, from that 
which would have been arrived at a priori^ they by no means 
exclude the possibility or even probability of some difference being 
produced in the direction or character of light reflected from 
ignited surfaces as compared with that reflected from unignited 
surfaces. 

The fixed lines in the spectrum, for instance, differ materially 
according to the source of light ; and even supposing the ignited 
surface to make no difference in the character or position of 
the fixed lines of reflected solar light, a point which I have no 
apparatus sufficiently delicate to detect, yet there is every pro- 
bability of novel and valuable results being attained by the inter- 
ference of this light of incandescence with that of solar or other 
light reflected from the incandescent body, the same body being 
then in some sense the source of two different descriptions of 
light, which differences are capable of detection by the different 
position and characterof the fixed lines in their respective spectra. 
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Such experiments, and many others which they obviously sug- 
gest, appear to me to offer an interesting field of experiments 
in physical optics ; and to those who are more practically ac- 
quainted with this science than 1 can pretend to be, and who 
may possess more delicate means of detecting minute effects^ 
I therefore leave them. 



XXVIII. Terrestrial Climate as influenced by the Distribution of 
Land and Water at different Geological Epochs, By Henry 
Hennessy, F.R,S,, M.RJ,A., Professor of Natural Philo- 
sophy in the Catholic University of Ireland*. 

EVERY point on the earth's surface is continually gaining 
and losing heat ; and its actual temperature at any given 
moment depends on the difference between its gains and its losses. 
If the outer coating of the earth were exclusively composed of 
solid materials, terrestrial cUmate would depend principally on 
the heat gained from sunshine and the heat radiated into space. 
But as the earth is completely enveloped by an atmosphere, and 
partly surrounded by a liquid, its thermal conditions must be 
greatly influenced by the physical properties of these fluid cover- 
ings. While the heating or cooling of a solid follows the clearly 
defined, and comparatively well understood, laws of conduction 
and radiation, the heating or cooling of gases and liquids is 
further greatly modified by the mobility of their particles. The 
changes of state which frequently take place in fluids, whether 
by evaporation or condensation, freezing or liquefaction, intro- 
duce agencies which still further complicate the study of their 
thermal relations. 

When we study the thermal conditions of a liquid distributed 
over the terrestrial spheroid, it becomes manifest that these con- 
ditions are influenced by the area, configuration, and physical 
structure of such portions of the solid earth as rise above the 
ocean and come in contact with the atmosphere, so as to con- 
stitute the surface of the dry land. Upon this matter I propose 
to develope certain views which are closely connected with those 
I have already pubUshed relative to the distribution of heat over 
such solid surfacesf* 

2. When a surface, covered with ordinary soil, receives the 
rays of the sua^ the heat thus acquired passes downwards, but 
on arriving at a very small depth its intensity rapidly diminishes. 

* From the Atlantis for January 1859 ; communicated by the Author. 

f On the Distribution of Heat over Islands, &c., Phil. Mag. for October 
1 858, p. 24 1 . See also the Note on the Laws that Regulate the Distribytion 
of Isothermal Lines, Atlantis, No. 3. p. 201. 
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The solar heat which is thus received by the ground may there- 
fore be considered as confined almost entirely to a thin super- 
ficial stratum. The air in contact with the sofl becomes heated^ 
expands^ and tends to ascend: a circulation thus follows be- 
tween the upper and lower strata of the atmosphere situated 
above the heated ground. During the night a different process 
takes place ; for then the radiation of the soil causes its tempera- 
ture to fall below that of the superincumbent air ; the coldest 
stratum of the lower portions of the atmosphere being in contact 
with the ground^ the equilibrium of those above is not so much 
disturbed. Yet^ even in this case^ causes exist which tend to 
produce a series of actions and reactions between the upper and 
lower strata of air, by which a process of convection will be ulti- 
mately developed. These actions will be rendered especially re- 
markable if the soil is not bare, but covered with vegetation in 
the manner of the greater part of the dry land. This question 
has been fully treated by Melloni*, in his memoir on the noc- 
turnal cooling of bodies. His general proposition, that '' a body 
exposed during the night to the influence of a sky of equal clear- 
ness and calmness, is always cooled to the same extent, what- 
ever may be the temperature of the air,'' is fruitful in important 
results. ' Thus is explained the great differences between the 
temperature of the day and night on land in the torrid zone. 
The intense cold observed during the night by Denham in tra- 
versing the great Desert of Sahara, the process of artificial freez- 
ing at Ben^, and the rain-like dews observed by Humboldt in 
the forests of South America, are all necessary consequences of 
the energy of the actions and reactions by which the outer coat- 
ing of the earth loses the warmth it has acquired from suQshine 
during the day. Conversely, the almost constant temperature 
of the sea in tropical regions, by day and night, and the nearly 
total absence of dew on the rigging of vessels far removed from 
the land, clearly show the peculiar retentiveness of heat pos- 
sessed by the water, and that, unlike the land, it does not readily 
part with whatever warmth it may have acquired from sunshine 
during the day. The cold southerly breezes sometimes observed 
in Egypt t during the winter months, when the air has passed 
over immense surfaces of sandy desert, present a striking con- 
trast to the south-westerly winds which at the same season tra- 
verse the ocean and visit our shores. It appears, from a commu- 
nication in the Times newspaper, dated Melbourne, November 16, 
1858, that in South Australia, the coldest winds during the 
winter months are those blowing from the northerly and tro- 

* Taylor's Scientific Memoirs, vol. v. pp. 453 and 530 ; and Armales 
de Chimie et de Physique for Februaiy and April 1848. 
t Kaemtz, M^t4orotog%e, French edit. p. 45. 
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pica! regions^ while the warmest are those blowing from the pole. 
The former pass over extensive surfaces of heat-radiating, and 
therefore heat-losing land, while the latter traverse the heat- 
retaining ocean. In the summer (at least by day) the opposite 
phaenomena are observed, of warm winds from the north and 
cold from the south. Combined observations on the wind and 
on temperature, by day and night, would further elucidate a 
problem which, in the words of the writer, ^^ cannot be solved 
without greatly adding to the stock of our knowledge.^^ While 
the feeble conducting power of the solid portions of the earth's 
coating allows but a small portion of the sun's heat to pass 
beneath the surface, so that whatever warmth is thus received 
on that surface during the day is readily radiated into space 
during the night, a liquid mass, similarly exposed to sunshine 
and subsequent nocturnal radiation, possesses peculiar properties 
which greatly influence the differences between its thermal losses 
and gains. The most important of these properties are — (1) the 
great capacity of water for heat, by which it gradually accumu- 
lates and slowly parts with whatever warmth it has received ; 
and (2) the intermobility of its particles, by which exchanges of 
temperature in different parts of the liquid mass are essentially 
promoted. 

Let us consider the effect of the sun's rays on a globe covered 
with water, and we shall soon perceive that a more energetic pro- 
cess than that of conduction accompanies the exchange of tem- 
perature between the different portions of the fluid. The water 
which receives the vertical rays of the sun will be more heated 
than the waters which receive its rays at more oblique inclina- 
tions. Not only the amount of warmth received over a given 
area, but also the depth to which the rays of heat penetrate 
below the surface, depends upon the angles made by these rays 
with the vertical. InequaUties of surface temperattfre, depend- 
ing on the latitude, the hour-angle, and the sun's longitude, 
should thus result. The more heated waters would expand, 
and tend to spread over the cooler waters in other regions. Cur- 
rents should arise from the mutual actions and reactions of the 
unequally heated poi*tions of the fluid. The colder currents 
would usually tend to flow beneath the warmer, unless at tem- 
peratures approaching that of the maximum density of water, 
and thus a process of circulation would be established by which 
the temperature acquired by the superficial strata of the water 
should be ultimately propagated to a certain depth below the 
surface. Evaporation would also take place, and by the con- 
densation of vapour a certain portion of the heat received by the 
water would be imparted, in the formation of clouds, to the su- 
perincumbent atmosphere. 
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K, as in the existing oceans^ this water be salt^ the inequali- 
ties of temperature^ producing inequalities of evaporation, will 
also produce diversities in the density of the water in different 
regions, and thus additional energy will be imparted to the pro- 
cess of circulation, the salter and heavier surface water will 
tend to sink into the colder liquid which lies beneath, and which 
will naturally tend to take its place, by ascending upwards*. 
The process of evaporation would cool the surface of the water ; 
but, unlike that of radiation, it is not altogether a losing pro- 
cess so far as the entire surface of the earth is considered ; for 
it is sooner or later followed by condensation, whereby the greater 
part of the absorbed heat is again returned. When a piece of 
land or water parts with its heat by radiation into space, that 
warmth can never be restored to any part of the earth^s surface ; 
but whatever heat the water loaes by evaporation, becomes la- 
tent in the vapour so produced, and is ultimately transferred 
by condensation to some other part of the globe ; and hence 
evaporation does not constitute an agent in causing a dimi- 
nution of general terrestrial temperature. Let us now suppose 
a sheet of water at the equator nearly surrounded by fixed 
boundaries, so as to form a species of immense lagoon. Its 
temperature, from the causes here referred to, will rapidly aug- 
ment. The heat which it has acquired during the day will 
have penetrated so deeply as to be incapable of being radiated 
backwards into space, during the night, with the same facility 
as on the surface of a sandy plain or from the summits of a 
mass of vegetation. Its temperature should thus continue to 
accumulate up to a certain limit imposed by the conditions of 
evaporation ; and it might ultimately attain a mean temperature 
superior to any which is now met at the surface of intertropical 
seas, 

3. These views are strikingly illustrated by the phsenomena 
accompanying the origin of the Gulf-stream. The mass of 
water which rushes into the Gulf of Mexico, along the southern 
shores of the Caribbean Sea, has already acquired a certain ele- 
vated temperature from the action of sunshine in the southern tor- 
rid zone in its passage from Gape St. Roque. In moving around 
the Caribbean Sea and the Mexican Gulf, these waters still 
continue under the influence of a tropical sun, and are constantly 
increasing in temperature. The islands and coasts which they 
happen to bathe, have no part in directly promoting this augmen- 
tation. On looking over the isothermal chart of the Caribbean 
Sea and Gulf of Mexico, prepared by M. Charles Devillef, it 
becomes manifest that in general the temperature decreases in 

* See Mauiy, 'Physical Geography of the Sea,' p. 160. 

t Anntuiire de la Soci^t^ M^t^ologique de la Ftanee, torn u p. 160. 
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going towards the land* In some places the mean annual tem-» 
peratare of the water close to the land is 24^*6 Centigrade; 
further out at sea it is 26^, and still further from the land it is 
25°*5» In other places it gi*adually augments from 26P, in going 
from the land, up to 27®*4*, These results are unconnected with 
the influence of latitude; and they are still less explicable by the 
inflaence of centrifugal force, in driving the cooler and heavier 
waters towards the edges of the great current, in its semi- 
lotatory movement around the gulf; for in this case the law 
of decrease of temperature in going f^m the land, should not 
hold on approaching the coasts of large islands situated towards 
the centre of the moving mass of waters. But in such instances 
it is also manifested; for on the north and south coasts of the 
Island of Cuba we find the isothermal lines of 26°-2 and 26''-5, 
while the isothermalsof 26°*7 and 26°"8 are situated outside them 
respectively f. In M. Deville's chart these are closed isothermals, 
similar to those which I have indicated on the surface of the 
British Islands ; but as the lowest isothermals in my map are 
the most remote from the sea, so those in his chart which exhibit 
the highest temperature are furthest from the land. It is thus 
apparent that the intertropical sea may become a storehouse of 
heat, by retaining much of what it receives from the sun, which, 
but for the physical properties of water, it would, like the inter- 
tropical land, lose by radiation into space. It is important to 
bear this conclusion in mind in any inquiries respecting the in- 
flaence of the distribution of land and water on general climate, 
especially as the influence of the land seems to have been hitherto 
principally considered as a calorific agent. 

The heating action of intertropical land has been so often dis« 
cussed by writers on climate, that it is unnecessary to do more 
than to point out its principal agency in the production of aerial 
currents, by which exchanges of temperature may be promoted 
between different parts of the earth's surface. 

In contrasting the mean temperature of the sea with that of 
the land in tropical climates, the want of nocturnal observations, 
«8 referred to by M. Melloni, is peculiarly felt. While the tern- 
perature of the one is nearly constant, that of the other is liable 
to considerable fluctuations ; and as our records are principally 
derived from diurnal observations, the results are probably too 
fcvourable to an excess of land temperature. This conclusion 
is confirmed by the results exhibited in M. Deville's map, and 
in some measure by the fact of the higher mean temperature of 

* Reduced to degrees of Fahrenheit's scale, these numbers, arranged in 
the same order as in the text, are 76°- 1, 77°0, 77°*9, 78°-8, 8P-3. 

t Equivalent respectively to 79°* 16, 79°7, 80^06, and 8(P-24 of Fahren- 
heit's scale. 

PMl. Mag, S. 4. Vol. 17. No. 1 13. March 1859. O 
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the entire oceanic cov^g of our plfoiet/ofiiiipfa^ed to Hi 9im»9 
Bpheric coating. 

In cpmparing the calorific influence of thq land m distant 
regions with the agency of the icaj it fibould thefefo^ be ic** 
meipbered that« while the latter storey up b^t^ and mstaby night 
«s well aa by day^ the action of the land ii ^ffi^tiv^ only M l(^ 
aa the sun's rays are impinging upon it, 
. 4f Let us endeavour to appljr these coudusicma to th» question 
of the influence of the distribution of ]and and water upim 
general terrestrial temperature, A$ the aniqunt gf ^olar be«t 
iweeived by any point on the earth's surface is a function of the 
latitude^ it follows that the distribution of land and water at 4i& 
ferent latitudes must be studied in order to obtain its influonofi 
on temperature This distribution may be supposed to tsJc^l 
place in an endless variety of ways, of which the foUowing ttufCft 
9ases are the most important : — 

1. Preponderance of land towards th^ poles, and of wfttw 
towards the equator. 9, Preponderance of land towards tto 
equatorj and of water towards the poles, 8. Equable (Jjstjibu*^ 
tipn of land and water in polar and equatorial r^gionp, 

At the present day three-fourths of the earth-s surfae© sia 
covered with water^ so that all the dry land has been truly Qhft'> 
ractcrized as an assemblage of largfi and small islands i^mA ifi 
a great oce^n. If we suppoae, with Sir Charles Lyell*, thati w 
the question now under consideration! the proportion of sea tQ 
land is the same as at present, each of the above thrcQ G^m ii 
ausceptible of two principal divisions, according m the id^dl 
composing the land happen to be few and largCj or num^TCP 
and small. If all the diy land on the globe were collected into 
a single vast continent, the climatologica] conditions of Aa 
earthy all other things remaining the same, would be very di^ 
ferent from what would take place if the land were broken UP 
and spread out in numberless islands. Whatever inay be th^ 
supposed distribution of land and water, it is manifest that its 
chi^ influence on the general temperature at the surfaoe ^ 
our planet would result from the action of aerial and oeitfUi 
currents. 

In the first case above referred to, the belt of equatorial ocean 
would probably acquire a high temperature ; and although thf 
circumpolar islands would possess very rigorous climates in th^ 
interior, portions of their coasts might be washed by heat^'bW' 
ing currents, just as the north-western coast of Europe is washrf 
by the Gulf-stream at the present day. The superiority of mean 
temperature of the ocean might in this case be so great that the 
distribution of heat over the islands would present remarkable 
* Principles of Geology, chap. vii. 9th ed. p. 101, 
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iiifltaaeeB of tbe laws foimd to hold good in the Britiah ide% 
and almost all of the isothennals on the land wonld be doaed 

In the aeoond caae^ the ocean would acquire mndi leaa heat 
irom the aun^ and it would exercise a cooling influence on the 
belt of intertropical land. But, as whatever evidence we posseaa 
aeems to indicate that intertropical seas owe their elevated tem- 
perature not so much to the influence of thermal exchanges with 
the air which has passed over the adjacent land as to the direct 
influence of sunshine, we may conclude that, upon the whole, the 
iieat-bearing currents would in this case be less influential than 
in that which has been iust considered. The heated air flowing 
fipom the equatorial land should, by the agency of winds, in aome 
measure mitigate the temperature of the polar regions; but we 
have no reason for believing that this influence would be supe- 
rior to that of the heat^bearing water-currents in our former 
instance. 

If, now, we suppose the land to be equaUy distributed in 
islands between the equatorial and polar regions, we shall have 
eonditiona more or less favourable to the existence of oceanic 
as well as of aerial heat-bearing currents ; and it seems not im» 
poBsible that under such circumstances the entire surface of the 
globe might enjoy the highest possible amount of general warmth, 
t>y being best circumstanced for the accumulation, retention, 
and distribution of the heat it receives from the sun. In this 
coiae, as well as in the first which has been considered, warm 
currents from the equatorial seas might freely bathe the eoaats 
of islands in higher latitudes, thus producing similar eharaeter« 
istic cases of insular climate. The mean temperature of such 
aeas being higher than that of the air over the land^ the iso- 
thermal Unes of the islands should be partly or entirely dosed 
eurves, having shapes dependent upon the outlines of the islanda. 
The greater the difference of atmospheric and water temperai- 
ture, the more strictly should the isothermals conform to this 
law. Thus, it is manifest that a nearly circular island with a 
aurface equal to that of Labrador, and lying in the same lati<> 
tude, would present a much greater diversity of climate between 
its interior and its coasts, if the latter were bathed by sea-water 
having a temperature of 80^ Fahrenheit, than if that temparar 
ture amounted only to 40^. As the manner in which the warm 
air over the water would exchange its heat with the air over 
the land would undoubtedly be by circulation, it would not 
be easy to assign a distinct law for the difference of tem-» 
perature between the interior and the coast of the island ; but 
it aeema evident that this difference should, up to a certain limif^ 
* See PhiL Mag. for Octobev 1858, p. 349, 
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increase with the temperature of the heat-bearing 'oceanic cur* 
rents. A group of islands situated in high latitudes^ and sur* 
rounded by currents possessing a high temperature^ while re- 
ceiving but a small amount of heat from sunshine^ should present 
a series of closed isothermals^ and^ while their interiors would be 
cold^ their coasts might enjoy an extremely genial climate. 

5. If such conditions existed at former geological epochs^ we 
may fairly expect to find some evidence of their existence by com- 
paring the characters of the organized beings by which the 
interior and the coasts of such islands were inhabited. Such geo- 
logists as have hitherto studied the diversities in structure of the 
fossil remains which have come under their notice^ appear to 
have attended principally to the climatic influence of the deva- 
tion of the interior parts of such islands. Professor Ramsay*; m 
his memoir on the denudation of Wales, after pointing out the 
great elevation above the sea, which portions of that region had 
formerly possessed, calls attention to the resulting varieties of 
climate that must have prevailed. " If/' he says, '^ the cUmate 
of our latitudes, when the coasts were washed by the new red, 
and liassic seas, were tropical, as is generally supposed, still, on 
the heights indicated on the vertical sections, we have ample 
space for tropical and temperate zones, each probably abound- 
ing in its own appropriate forms of life. And here, in connec- 
tion with this subject, it may be remarked that in Mr. Brodie's 
recent work, ^A History of the Fossil Insects of the Second- 
ary Bocks of England,' it has been stated that, with certain 
exceptions, the minute size of the great mass of the insect re- 
mains seems to indicate a very cold, or at all events a temperate 
climate.'' 

This appeared to Professor Ramsay not to be in harmony with 
the other ibssil evidence, which proves that most of the creatures 
whose remains are preserved in the strata of the secondary series 
inhabited a tropical climate. If the interior temperature of the 
land, whose inhabitants apparently existed under such different 
conditions of climate, depended not only on the coordinate of 
height above the sea, but also on that of distance from the coast 
in the manner here described, a more complete explanation 
would be afforded of these remarkable phsenomena. The disco- 
very by Mr. Strickland, in the alluvial sand of Worcestershire, 
of the bones of a hippopotamus, accompanied not only by the 
bones of other mammalia, but by twenty-three species of fresh- 
water and land shells, of which nineteen are existing British 
species, seems to show that, even at a period so recent as that 
of the deposit from which these remains were taken, remarkable 
differences of climate may have existed over a comparatively 
* Memoiri of the Geological Survey of Great Britain, vol. i, p. 324, 
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small area of land* The strong presumptions famished by the 
fossil flora, and other evidences connected with the history of 
earlier geological formations^ in favour of the existence of nume- 
rous islands scattered over an ocean enjoying a tropical tempera- 
ture, should lead us to expect more of such results as are here 
noticed, instead of feeling surprise at the discrepancies which 
they seem to exhibit, 

6. I shall now attempt to illustrate some of the preceding 
general views from the actual condition of the earth's surface. 
The higher mean temperature of the northern compared to the 
southern hemisphere is clearly proved and universally acknow- 
ledged. This superior warmtn is usually ascribed to the greater 
amount of land in the former compared with the latter. It has 
heen apparently assumed that the surface of the dry land exercises 
upon the whole a far more energetic influence, in tending to 
elevate the mean temperature of the earth, than the surface of 
the water ; and this action is generally ascribed to the superior 
heat-absorbing power of land compared with water. Upon this 
assumption is mainly founded the beautiful and elaborate theory 
of geological climates, which Sir Charles Lyell first published 
in his ^ Principles of Geology.' Although Fourier had previously 
indicated tbe possible influences exercised upon terrestrial tem- 
perature by the physical conditions of the earth's outer coating, 
he had not given his views such a definite shape as to enable 
him to deduce any conclusions from them for the solution of 
the great problems of terrestrial physics which have so much 
occupied the attention of philosophical geologists. 

If the conclusions of the theory now referred to be correct, 
it follows that predominance of land over water between the 
tropics, where an absorbing surface would be most advantage- 
ously circumstanced for acquiring heat, should result in pro- 
ducing the highest possible degree of general terrestrial tempe- 
rature. On the contrary, the earth's general climate would be 
reduced to a maximum of coldness bj a predominance of land 
towards the polar regions, and of water towards the equator. 
The views developed in this essay would appear to require some 
modification in these conclusions ; and the first especially is not 
in perfect harmony with the results to which we have been led 
bv such reasonings as I have here presented. Not only are there 
physical grounds for adopting a somewhat different conclusion 
(namely, that the most favourable condition for a generally high 
terrestrial temperature would be in a comparatively equable 
distribution of land and water over equatorial and extratropical 

* Geological Society's Proceedings^ Juue 1834, p. 94 j and Ly^ll, p. 7^* 
Sedition* 
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fegiotis, instead of a concentration of land in the fbnn«*)^ but 
the study of the present relations of sea and land seeuui to 
strongly verify the views on which this conclusion is based. 

If we look over a terrestrial globe, or a good stereographic pro^ 
jection of its surface*, we soon perceive that in the regions tra-* 
versed by the ecUptiCi and where, consequently, th6 sun^s rays 
diffuse the greatest amount of heat over absorbing substancei) 
land and water are distributed very evenly at both sides of the 
^uator. Each hemisphere absorbs the greatest quantity of solar 
heat during the six months when the sun is vertical over some 
part of its surface ; and I have found that the parallel of 7^ 2^ re* 
ceives the maximum amount of sunshine during the summer 
half year. In the northern hemisphere this parallel runs from 
the coast of Guinea through central Africa ; crossing the Indian 
Ocean, south of Cape Gomorin, it passes through Ceylon acroM 
Malacca and the island of Mindano ; thence through the Pacific, 
until it meets South America, the northern portion of which it 
traverses from a point near the Gulf of Panama to another be- 
tween the mouths of the Orinoco and Esiquibo. In the opposite 
hemisphere, the parallel of maximum southern sunshine crosses 
Africa from a point north of St. Paolo de Loando to another near 
the Monfeca islands. It traverses a great part of Java, New 
Guinea, and smaller islands* It crosses South America almost 
on the line of greatest breadth, from near Truxillo to a poiat 
north of Pemambuco. On comparing the extent of land and 
water lying under the parallel of maximum half-yearly sunshine^ 
it appears that the proportions are nearly the sanie m both h(h 
mispheres, although a very slight excess of land appears to lie 
under the southern, compared to the northern parallel f. Outside 
the torrid zone, the proportions of land and water belonging 
to each hemisphere respectively are extremely different : while 
nearly half of the surface between the pole and the tropic 
of Cancer is land, by far the greater portion of the area 
between the southern tropic and the pole is water* In the 
arctic and antarctic regions land and water alternate in liearly 
corresponding proportions. The great difference between the 
areas of land and water of the northern and southern hemi-* 
spheres exists in the temperate regions. Upon the whole, it 
may be concluded that there is a comparative predominance of 
land over water in the higher latitudes of the northern hemi-* 
sphere^ while the opposite condition holds in the southern hemi* 



* M. Babinet's homolographie maps are still better adapted for i 
comparisons as that now made. See Arago, Astranomie, tome iii. p. 344 ; 
Report of the British Association for 1866, Trans. Section*, p. 112. 
, f Siee the m«oedinf; Article {AilawH$, No. 3. p; ^), Oil tne taWH which 
regulate the oistribution of isothermal lines, § 5. 
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fiphere* U, the presence of dry land in high latitudes is favour-^ 
aJbld to a cold climate^ this condition appears to be more ecnn*^ 
^etdy manifested in the northern than in the southern hemi- 
sphere; and if the presence of a certain amount of dry land 
witlun the tropics is favourable to a high temperature^ that cdn- 
dition is almost equally well fulfilled at both sides of the 
equatoiP* 

Let us eone^ve all the land noHh of the equator to be sub^ 
mergedj tmd its place to be supplied^ firsts by a mass of land in 
the tiorth tropical sone^ exactly similar in area and configuration 
to tiiat touching it in the southern zone. Let the arctic regions 
of North Ameficaj Nova Zembla^ and Greenland be replaced by 
an island similar to Victoria Land> and let a few scattered 
islands replace the greater part of A8ia> Europe^ and North 
America! We shall then have a globe with a considerable belt of 
equatorial land; while the polar and temperate regions will be 
occupied ehiefiy by water. We should thus have a state of 
tilings approximating much more to the Conditions required for 
a high terrestrial temperature than the present distribution of 
land atid water. Yet the distribution here supposed for both 
hemispheres would be precisely what at preAent exists in the 
eolder of the two j and we should thus have the paradox of 
Warming the entire globe by modelling its warmer hemisphere 
after its colder. Unless the influence of Victoria Land as a re^ 
frigerator of the southern hemisphere should be greater than that 
of the immense masses of land in the northern parts of the new 
and old continents^ this paradox would seem inexplioable on 
the theory und^ consideration. But it ean be in some measure 
^plained; if the agency of oceanic currents in storing up and 
transponitig the heat aequired from sunshine be fully admitted. 
In the actual state of the earth'i surface^ the ^m ^ the basin 
of the South Atlantic Ocean^ combined with Other phyftcal 
conditions^ seems to determine the transfer Of a great v<Hume of 
heated water from the southern intertropical regions to the 
northern hemisphere^ which^ passing subsequently through the 
Garibbeim Sea and Oulf of Mexico^ acquires a still higher tem^ 
perature^ and ultimately confers its warmth on regions in high 
taorthem latitudes. From the direction of the currents of the 
Pacific^ as laid down on some of Maury's charts^ it is probable 
that a similar transfer northwards^ of heated southern intertro- 
pical Water^ is effected in that great ocean as well as in the 
Atbmtie. The general result is, that the southern hemisphere 
is not only deprived o( a certain amount of tiie solar heat 
absorbed by its waters, but that the temperature of the northern 
hemisphere is augmented to a coitespOnding amount. But 
although the paiMox alludiBd to mspf be thua explaine<]^ this 
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result shows the danger of under-estimating the agency of aque- 
ous currents in connexion with any theory of the distribution 
of land and water that may be proposed in order to explain 
vicissitudes of terrestrial climate. 

7» In examining the consequences^ resulting from the suppres- 
sion of the Gulf-stream^ on the climate of western Europe^ with 
reference to the question of glacial action at former geological 
epochs^ as has been done by Mr. Hopkins*^ we need only direct 
our attention to what actually takes place at corresponding \bAa* 
tudes in the southern hemisphere. In these regions, there is not 
only an absence of such an active calorific agent, but even an 
abstraction of some of the heat due to them from the sunshine 
which falls upon a portion of their oceans, which heat we have 
seen is transferred to the northern hemisphere. Glaciers conse- 
quently descend to the sea, not only about the latitude of 54° S., 
as observed by Captain Cook, but even so close to the equator 
as 48° 3(y S., where they were noticed in great abundance on 
the western coast of South America by Mr. Darwin t- He even 
observed one instance of a glacier reaching the sea in the lati- 
tude of 46° 4(y, which corresponds to that of Napoleon Vendee, 
in the west of France. The existence of glacial action in the 
southern latitudes, equivalent to those of the temperate regions 
of western Europe, suggests the possibility that, by an inversion 
of the operating causes, the southern hemisphere might have 
enjoyed a milder climate at the same geological period that 
glacial phsenomena were most completely developed north of the 
equator* 

8. The results of our inquiry may be thus recapitulated : — 
. (1) The physical properties of water appear upon the whole 
more favourable than those of the land, to the accumulation, 
retention, and distribution of solar heat throughout the matter 
composing the external coating of the earth. 

(2) Phsenomena presented by intertropical seas at the present 
day, confirm and illustrate this conclusion. 

(8) The distribution of land and water most favourable to a 
general increase of terrestrial mean temperature, should, there- 
fore, be such as would imply the existence of great intertropical 
seas and of groups of islands evenly distributed both within the 
tropics and in extratropical regions. 

(4) Such a distribution of land and water at former geological 
epochs, seems to be indicated by the results of observation. 

(5) The superior mean temperature of the northern compared 
to the southern hemisphere is probably due, not to the direct in* 

* Quarterly Jounial of the Geological Society, 1852, p. 85. 
t Voyage of 'Adventure ' and * JflSagle,* iii. p, 282* 
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fluence of the greater proportion of land in the former, but to 
currents which determine the transfer towards the north of a 
portion of the solar heat absorbed south of the equator. 

9. While fully acknowledging the important influence which 
changes in the distribution of land and water may exercise on 
terrestrial climate, we are not precluded from studying the action 
of other causes, and of giving to them such weight as the evi- 
dences in their favour may render advisable. If, from the 
results of astronomical as well as of geological testimony, we are 
induced to believe that the earth has been for ages slowly 
cooling from a state of former incandescence, its climate during 
the earlier epochs of its physical history must have been more 
or less influenced by the heat thus passing outwards through its 
emst. However efficient, as applied to recent phsenomena, we 
may find the theory of geological climates that explains the va* 
nations of the earth^s superficial temperature by changes in the 
distribution of the liquid and solid portions of its outward coat- 
ing, it seems by itself incompetent to rationally and consistently 
account for the very high temperature which must have pre- 
vailed during remote epochs of the earth's history. If we reject 
the evidence on which it has been concluded that the earth has 
slowly cooled from a fluid incandescent state into its observed 
condition, and admit that the earth's spheroidal shape was due 
to gradual and even existing causes, and not to the mechanical 
consequences of its primitive and universal fluidity, we shall 
arrive at a conclusion which, on the supposition of the complete 
adequacy of superficial causes to explain all changes of climate, 
would lead to the inference that, from very remote epochs, the 
mean temperature of the globe should be increasing instead of 
diminishing. By rejecting the former fluid condition o^ the 
earth, we are compelled to account for its oblateness in the way 
attempted by Playfair, that is, by appealing to the influence of 
certain superficial actions coexisting with the phsenomena of 
geological changes. But I have proved ^ that if, from superficial 
cAuses, the earth's figure became gradually more oblate, the 
extent of polar dry land would gradually diminish, while that of 
equatorial dry land would at the same time tend to augment. 
Hence the very operations required to mould the earth's figure 
into the shape now observed, would, on this theory, point to a 
gradual increase in the efficiency of the physical conditions 
required for an augmentation of terrestrial temperature in pro- 
ceeding from the most remote to the most recent geological 
epochs. But this is the very reverse of the conclusions deduced 

* Proc« Boyal Irish Academy, vol. iv« p* 333 1 a^id Journal of the Geo* 
lo^cal Sodety of Dublin, March, 1849. 
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itom the entire mass df geological inqoiriet; hence^ as ihr as 
observation enables us to judge^ we cannot explain by superficid 
actions alone the twofold oondition^-of the spheroidal shape in 
the earth's figure^ and the gradual diminution of its surface 
temperature from the earliest periods of geological history dow^ 
to the most recent< 



XXl3t. On a Compound of Dibromallylantmonia and Chloride of 
Mercury. By Dr. Maxwell Simpson*. 

IN a paper published in this Journal (October 185ft) cm the 
Action of Ammonia on the Terbromide of Allyle^ I men-* 
tioned that dibromallylammonia forms a compound with chloride 
ei mercury. This compound I have since studied ; the following 
are the results. 

The body in Question makes its appearance in the form of a 
white voluminous precipitate^ on mixing alcoholic solutions of 
dibromallylammonia and of chloride of meroury^ keeping the 
latter in excess. The excess of chloride can be afterwards re- 
moved by washing the compound with water, in which it ia 
almost insoluble. The body thus prepared was submitted to 
analysis, having been previously well dried m vacmo over sq1-< 
phuric acid. 

The following numbers were obtained : — 

I. 0*4130 grm. compound gave 0*dl3d grm. carbonic acid 
and 00781 waters 

II. 0*5068 grm. compound gave 0*SS68 grm. iulphuret of 
inercury. 

III. 0-2690 grm< Compound gave 0*1662 grm. chloride of 
rilverffc 

lY. 0*4446 grm. compound, heated with quicklime, ga^e 
0*6584 grm. mixed chloride and bromide of silver; and 0*5128 
grm« (rf this knixture lost 0*0676 grm. on passing chlorine 
over it4 

rC«H*Br 
Thesenumbersagreewith the formula 3(HgCl)+N-^ C«H*Bri 
rceH*Br"l L H 

or perhaps HgCl+N^ C«H*Br V-HCl, as will be seen fromthe 

I Hg J 
following per-centage Table s — 

* Communicated by the Author. 

t This -determination was made by dissolving the compound in dilute 
nilnc ft&iddild ft^dihg flitfat^ ot «ilv^. the ^Ictfine WitS alone precipi* 
tated^ the bromine remaining in solutioli. 
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I. 


c» » 


. 72 18-69 


14-12 


H9 . 


. 9 1*78 


2-10 


N . 


. 14 9-66 




Hg* . 


. 200 88-02 


• •• 


CI* . 


. 71 13-50 


• •• 


Br* . 


. 160 80-41 
536 100-00 


• •• 



II. III. IV* 



88-70 
... 14-86 18-63 
29-58 



This body is very sparingly soluble in cold' water; boiling 
water decomposes it with the formation of a purple-coloured 
compound. It is freely soluble in alcohol^ from which it cry- 
stdliaes in long needles. It dissolves also in dilute mtric and 
hydrochloric acids. The solution in the latter acid gives^ on the 
addition oi potash^ a white precipitate^ which gradually beeomea 
yelloWi 



XXX. On the Action of Chloride ofAcetyle on Aldehyde. 
By Dr. Maxwell Simpson*. 

TiEBTAGNINI having succeeded in forming cinnamic acid 
XJ by exposing oil of bitter almonds to the ac^n (rf chloride 
of acetyle^ it occurred to me that possibly the action of the same 
body on ordinary aldehyde might give birth to the acid C® H^O^ t# 
intermediate^ in the acrylic series^ between acrylic and angelic 
acids. The following equation will explain how it might be 
formed : — 

C4H40«-hC4HS0«Cl:?=C«H«0^+HCl. 

In order to determine this pointy T exposed a mixture of equi- 
valent quantities of chloride of acetyle .and aldehyde in sealed 
tubes to the temperature of a water-bath for about three hours. 
At the expiration of this time I removed them from the bath,, 
and opened them as soon as they had become cold. No evolu- 
tion of gas could be observed. The liquid^ submitted to distil- 
lation, did not commence to boil till it had reached the temper 
rature of 90® C. ; and between that temperature and 140° almost 
the entire quantity passed over. On nractioning it, a consider- 
able quantity was obtained, distilling between 120^ and 124°^ 
which was reserved for analysis. The following are the results :— ^ 

I. 0'2&S8 grm. of liquid gave 0-3168 grm. carbonic acid and^ 
0^1189 water. 

* Communicated by the Author. 

t Crotonic acid is supposed to have this composition. 
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II. 0*2658 grm. of liquid gave 0*3796 grm. carbonic acid and 
0-1382 water. 

III. 0*2699 grm . of liquid gave 0*3054 grm. chloride of silver. 
These numbers lead to the formula C® H^ O* CI, as will be 

seen from the following per-centage Table : — 

Experiment. 

HI. 



28*00 





Theory. 


I. 


II. 


c» . 


. 3918 


38-65 


38-95 


w 


. . 5-71 


5-68 


5-77 


0* . 


. 2614 






CI . 


. 28-97 


• •• 


• •• 



10000 



There is then in this case a simple coalescing of the two mo- 
lecules, without the separation of hydrochloric acid. This liquid 
is heavier than water, which decomposes it with extreme slow- 
ness when cold, but rapidly when hot. It dissolves readily in 
dilute potash, — chloride of potassium and acetate of potash being 
formed, and aldehyde regenerated, which is converted into a 
resin by the action of the alkali when the latter is in excess. If, 
however, the liquid be cautiously neutralized, almost all the alde- 
hyde is given off as vapour, a mere trace being resinified. In 
order to be certain of the foimation of acetate of potash in this 
reaction, I evaporated the solution in potash to dryness on a 
water-bath, and treated the dry mass with absolute alcohol, 
which dissolved the acetate, leaving the chloride tmdissolved. 
The acetate was then converted into the silver-salt and analysed. 

The following numbers were obtained : — 

0*2087 grm. of silver-salt gave 0*1346 grm. silver. 

Per-centage composition : — 

Theory. Experiment. 

Silver . . • 64*67 64-50 

Moist oxide of silver reacts on this liquid in the same manner, 
chloride and acetate of silver being formed. 

The body which I have just described has already been dis- 
covered by M. Wurtz amongst the products of the action of 
chlorine on aldehyde. He supposed that its formation was due 
to the coialescing of two molecules of aldehyde, and to the sub- 
sequent action of the chlorine on this polymeric modification. 
The foregoing, however, proves that the body in question is 
simply formed by the direct combination of the chloride of aee- 
tyle (the chief product of the action of chlorine on aldehyde) 
with some unaltered aldehyde. 
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XXXI. Remarks on a paper '-^On Ice and Olaciera*' in thelastNum" 
ber of the Philosophical Magazine. In a letter to Prof. TyndalL 
By Prof. J. D. Forbes. 

My dear Sir, 

IN the part of your short paper '' On Ice and Glaciers/' in the 
Philosophical Magazine for Februar^^ in which my writings 
are referred to, I think that my meaning has been misappre-^ 
handed. Perhaps I can very briefly state what, in each of two 
cases, I conceive to be a needless source of chfficulty uninten- 
tionally entertained by you with reference to my theoretical views 
or explanations. 

The explanations which I now offer will tend, I hope, towards 
a reconcilement of our conclusions, and not to controversy. 

I. With reference to the theory of '' Regelation,'' you say, on 
p. 93 of the Phil. Mag. for February,— "Why is the 'rapid 

Eunding ' necessary in the experiment of Prof. Forbes ? Doubt- 
s in order that' the ice may be brought into contact with the 
thermometer before its temperature has risen to 32°. But give 
the ice time to rise to 32 ; let its last residue of cold be 
abolished — ^the mass thus warmed, and in which the finest ther- 
mometer will not show the smallest fraction of a degree below 
82®, may, with the utmost facility, be converted by pressure into 
solid ice/* 

And again, '^ Let the thawing surface of a mass of ice be 
scraped away, so as to obtain a fine ice-powder possessing the 
temperature of that surface. Let not the alleged magazine of 
cold within the ice be at all called upon ; such a powder, or more 
properly fine slush, the temperature of which no thermometer 
can show to be below 32®, may, as in the former case, be con- 
verted by pressure into solid slabs of ice.'' 

According to my view, in the former of these cases the ther- 
mometer can only show the temperature of the ice when the 
latter is freshly pounded. If kept at a thawing temperature, each 
icy fragment becomes invested with a film of water which has 
the temperature of water, not of ice. You say, " Give the ice 
time to rise to 32®.'' I answer, that it is not in the nature of 
ICE to do so. The heat communicated becomes latent in the 
water produced, not one iota of it reaching the ice, which, whilst 
it remains Ice, is incapable of having its temperature raised. 
Precisely the same consideration applies to the second paragraph. 
Granulate the ice as we will, whilst any Ice remains, it has the 
temperature of Ice, not of Water. The powder or fine slush which 
you describe has the temperature of 82®, because the thermo- 
meter is in contact with the water alone, which forms so large a 
part of its composition. A thermometer is, in shorty incapable- 
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of taking the temperature of ice unless tliat ice be dry. Whitt^ 
tben^ is the effect of the pressure which you describe as co]i<« 
verting the ^' slush '' into ^' solid slabs ^ f You admit, with me^ 
that pressure is not necessary in the general case for regelation 
(p. 94). The effect of the pressure, then, is merely to banish 
nearly all the perfect water (that whose temperature the thermo- 
meter had shown) from the mass, leaving merely films of watear 
(more or less viscid) between the still icy particles which eonsti« 
tuted the slush. These particles^ small as they are, contain each 
its magazine of cold, and being numerous as they are small, this 
cold is adeq|uate to the consolidation of the interposed films of 
water, precisely as when the experiment is made on largeJT 
masses. 

In this explanation I admit your view, that water is absolutely 
frozen in the process ; but I believe also in the cohesive aggre- 
gation or welaing under pressure of surfaces of ice softenod by 
imminent thaw^ though not yet reduced to water. 

I think that, on consideration, it will appear clear to you that 
the preceding explanations render the facts you mention in- 
evitable deductions from the doctrine that ice absorbs latent heat 
gradually*, 

II. As regards the theory of the Veined Structure of Olacieni 
(p. 94 of your paper), there would perhaps be some inconveni- 
ence in my dictatmg the interpretation which certain passages of 
my writings more than twelve years old must bear^ and de- 
claring that no other interpretation is admissible. Such an 
affidavit of a pleader in his own cause might be received with 
diatmst. It IS better that others should study what I have 
written, and that they should conclude my meaning^ from an 
impartial examination of the whole documents. To facditate this 
examination, I am about to publish^ in a collected fonuj all my 
minor papers on the Theory of Glaciers which can throw any light 
on this question i and I hope that then, when the difficulty of 
fairly and fully examining what I have said on the subject has 
been removed^ my meaning will be found to be both definite and 
intelligible. 

In the present instance, if, as stated in your paper, more than 
one writer has attached a certain significance to the terms of my 
Thirteenth Letter on Glaciers — and if, of these writers. Professor 
William Thomson be one, — it is not, I think, too much to afl&rm 
that it is probable that their concurring, though independent^ 
inference as to my meaning is correct. I have not myself any 
doubt of its correctness ; but I repeat that I do not cite myseu 
as a witness in a case of interpretation which affects my own 

S* See Mr. Faiaday's remarks on Begebtion in oar present NunbeV| 
^ 62,*nBn,] 
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eieiitt Frofeciaor Tbomtioii^ or som^ one who maintfdns the 
Bftme opinion wbieb be does^ willj I have no doubt; be roady and 
willing to give grounds far bis judgement. 

Why 1 very r^uctantly appear in the matter is for this reason 
**-that I believe vou bavQ not altogether understood^ perhaps 
have overrated^ what I claim to have establisbedi partic\Marly in 
connexion with the change admitted by all parties to hav« 
ocenrred in some of my id^as, in consequence of my journey in 
1846, described in the Thirteenth Letter before mentionedt 
Beveral passages at pages 95 and 96 of your paper seem definitely 
to indicate that you aseribe to me an abandonment of a pre* 
viooaly elaborate theory of the cause of the Veined StructurCj 
and tibe substitution of a theory subversive of^ and superseding 
in all points the old one, I will cite only onepassage^ including 
a quotation firom myself^ us given at p. 9$ of your paper. It is 
as follows ^s-^ 

*^ ' Mr. Hopkins/ writes Professor Forbes in 1845, in refer* 
ence to an experimental proofs ^ denies that tbe ribboned 
(veined) structure in produced by differential motion . , ^ * . No 
person wha kw iem th model n^ade^ or ^en been told bow it wm 
made, and inspects the ribboned structure upon its surface, can^ I 
think, unless iti\flueHced by previous theoretical views, entertain 
my other opinion** Is it to be supposed that convictions thus 
strongly uttered, baaed upo» years of observation, and est«' 
blisbed, according tQ the above quotatiouj by the testimony of 
the senses thfanselves, are meaut to be reversed by a single ob'* 
servation, which, after all, is essentially defective^ involving, in 
reality, not a fact, but an opinion ? " 

The italics are yours. Here I am represented as stating a 
theory of the veined structure in 1846, which, it is argued, I 
could not (as I am represented to have done) have relinquished 
in merely one or two sentences of a letter of 1846, I shall 
probably give you satisfaction when I assure you that the doc* 
trine of the origin of the veined structure, so far as described in 
the preceding citation, and in several other passages of thofe 
pagea of your article already referred to (pp. 95 and 96), was 
neither given up by me in 1846, nor in any subsequent year — 
nay, that I hold it still. I also entertfiin the very same views 
with reference to Mr. Darwin's theory of banded lavas which I 
did in 1845, which at page 96 you understand me to have 
abandoned, or at least that I am represented to have abandoned 
them, in 1846*. 

[* For the sake of dearness* I hope I may he penni|ted to state that the 
auumption to which I referred is expressed by Mr. Darwin in the following 
words :— »'* In the ice the porous laminae are rendered distinct by the suo^ 
sequent congelation of infiltrated wateri'^ and my statement is, that 
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The difficulty, which until 1846 did not become thoroughly 
plain to me, was this : — How is the structure of glassy ice in- 
duced in the glacier without previous fusion and fresh congela- 
tion ? In 18^ I believed that the plates of hard blue ice, 
which by their interposition between spaces of a less compact 
character, compose the Veined Structure, could only be due to 
the freezing of water in the glacier. I considered them as veins 
of infiltrated water frozen during winter. To the same cause I 
then attributed the conversion of the granular mass of the neve 
into glassy ice. It was always a reluctant admission on my 
part : for the congelation of infiltrated water to any great extent, 
even in winter, was a relic of the Dilatation theory of glacier 
motion ; and against that theory I had entered an earnest pro- 
test. Between the printing of my Fourth Letter on Glaciers in 
1842, and the publication of my ^Travels ' in 1843, 1 had already 
abandoned the use of this reluctantly admitted fact — ^the winter 
congelation of the depths of the glacier — so far as I had em- 
ployed it to explain the recovery of the level of the glacier be- 
tween autumn and the following spring ; and I felt my position 
to be stronger when I obtained another explanation *• A simi- 
lar but more efiectual deliverance from a felt difficulty arose in 
1846, when I arrived at a clear persuasion of what (as will ap- 
pear from a comparative study of my writings) had already 
dawned upon me some time previously, namely, that the glassy 
structure of ice is attainable by the cohesion under pressure 
(especially if aided by motion with friction, or kneading) of the 
semi-opake and porous material of the glacier. 

Although I had previously expressed several times my grow- 
ing belief that the renewed cohesion of the bruised smrfaces of 
the ice in the glacier proper, under the mutual pressure of their 
parts, might account for the facts both of motion and of struc- 
ture there, I had not until the summer of 1846 disembarrassed 
myself of the complication arising from the conversion of gra- 
nular snow in the n4v6 into pellucid ice. I had, indeed, come 
very near to it ; for already, in 1844, I had approximated the 
two phenomena in the following passage, in which, after speak- 
ing of the differential motion which tends to produce the veined 
structure in the glacier proper, I added — " I believe that it is 

Prof. Forbes does not use a word which would lead us to suppose that he 
wished to modify that assumption. — Phil. Mag. 1845, vol. xxvi. p. 354. — 
J.T.] 

* • Travels/ 1st ed. (1843), p. 384, or 2nd ed. p. 386; and note the 
limitations under which congelation in the interior of the glacier is ad- 
mitted^ at paces 232, 360, 372 of both editions. In so fai* as the glacifica- 
Hon of the nw4 is concerned, it was no assumption of mine. I accepted 
the imiversal opinion of the time as stated by De Saussure, as well as by 
'MM* de Charpeiitier and Agassiz. ^ . 
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daring the. progress of the glacier thus subjected to a new and 
pecuUar set of forces depending upon gravity, and which re- 
model its internal constitution by substituting hard blue ice in 
the form of veins for its previous snowy texture, that the hori- 
zontal stratification observed in the higher part of the glacier or 
nSve is gradually obliterated*/' You see that even at this 
date the formation of the hard blue ice x>{ the veined structure, 
and the conversion of the nev4 into pellucid ice, appeared to me 
to be very intimately connected, — ^so much so, that until the 
last could be explained without interior congelation, little was 
gained in, point of simplification by rejecting it in the former 
instance. It will be found, as I have said, by a consecutive 
perusal of what I wrote between 1844! and 1846, how gradually 
I approached the conviction (only obtained on the spot in the 
latter year) that the phsenomena might be all explained by 
pressure and cohesion, the latter arising from the softening of 
snow or ice when thaw is imminent or in progress. In 1846, 
then, I abandoned no part of the theory of the veined structure 
on which, as you say, so much labour had been expended, ex- 
cept the admission, always yielded with reluctance, and got rid 
of with satisfaction, that the congelation of water in the crevices 
of the glacier may extend in winter to a great depth f. 

I remain, dear Sir, 
Prof. Tyndall, Yours faithfully. 

Royal Institution. James D. Forbes. 

P.S. — ^It is foreign to the purpose of this letter to express an 
opinion as to whether any theory which you have formed as to 
the '^ veined structure" is independent, or otherwise, of the 
fundamental idea of differential motion arising under conditions 
of unequal pressures combined with friction. I reserve it until 
your matured views are published. But it did appear to me, 
some time ago, that in Mr. Sorby's most ingenious researches on 
slaty cleavage, and in your extension of them to homogeneous 
bodies such as wax and dough, the eflftciency of differential 
motion was tolerably apparent. — J. D. F. 

♦ Sixth Letter on Glaciers, 1844. 

t That this is a question of some nicety will be readily perceived ; and 
my caution in overtly rejecting its influence altogether may be understood. 
For winter congelation must act to some depth ; and certain phsenomena 
cannot be explained without it. Such are the lenticular frozen cavities 
which you have described in your earliest paper on glaciers, which I take 
to be the same as those longitudinal infiltrated cracks previously described 
by me as visible in the glacier of Bossons, and other torrential glaciers. 
Such icy infiltrations are apparently too wide to be produced except by 
direct congelation. But then they are always near the side or surface of 
a glacier. 

Phil. Mag. S. 4. Vol. 17. No. 1 13. March 1859. P 
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XXTLII. A M(Uhematical 7%eary of Heat. 
By Frofesftor Challis*. 

IT is a fact of experience^ that when rays of light pass throngli 
the earth's atmosphere, or other suDstance, its temperature 
is increased. It would seem, therefore, that if we knew exaetly 
what rays of light are, we should have some clue for determining 
the agency by which heat is produced. Ip the foUowing outlme 
of a mathematicd theory of heat, I adopt the hypoth^is that 
light-bearing undulations are such as were defined in pay eom- 
muuication to the Philosophical Magazine for February, and 
that, while light is due to the transverse vibrations, heat is the 
result of the mechanical action of the direct vibrations. The 
beat-producing undulations are supposed to be compounded, 80 
.stated in the same communication, of simple wave-rays, in snch 
a manner that the transverse vibrations destroy each other. 

The ultimate atoms of material substances are inert, because 
the inertia of a mass is the result of the inertia of its constituent 
jparts ; they have magnitude and form, otherwise they are not 
withiu the compass of mathematical reasoning; their form k 
that of a sphere, because they are found by experience to have 
individually the same relations to all parts of space ; and th^ 
are hard and impenetrable, otherwise the spherical form is not 
necessarily preserved. TTiese hypotheses, which, with the ex- 
ception 01 tnat of the spherical form, agree with the views ex- 
pressed by Tfewton respecting the ultimate properties of matter 
(Optics, JBook III. Qu. 31), will be adopted in the foUowing lea- 
soninp;. the constituent atoms of bodies have other proper- 
ties, )t will be time to inquire what they are when these aie 
found to he insufficient. Further, it will be assumed that, in a 
substance of uniform density, the constituent atoms are distri* 
buted uniformly in space, and, in conformity with an inference 
drawn at the end of the communication above referred to, that 
the space occupied by the atoms, even in the case of solid bodies, 
is extremely small compared to the intervening space, so that 
the radius of an atom is extremely small compared to the mean 
distance between neighbouring atoms. 

If, now, a series of plane-waves of alternate condensation and 
rarefaction traverse any medium, just as light-bearing waves are 
known to traverse transparent substances, each atom of the me- 
dium becomes a centre of secondary waves, in a manner analo- 
gous to the production of such waves when a small obstade is 
encountered by waves propagated on the surface of water. Ac- 
cording to the hypothesis with which we set out, the caloric 
repulsion of an atom is due to the agency of these subordinate 

* Communicated by the Author. 
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w^res. It m«j be sapposed that an unlimited number of such 
waves are produced by series of plane-waves traversing the me-> 
4iuiQ in all directions^ and that, when an equilibrium of heat is 
established, these reflected waves are propagated equally in all 
du;ections from an atom, or the resulting velocity and condensa- 
tion 4re functions of the distance from the atom. To determine 
the dynamical action of waves so propagated from a centre, is a 
hydrodynamical problem, which I now proceed to consider. 

The article in the Number of the Philosophical Magazine for 
yebruary 1853, contains, under Prop. XIII., an investigation of 
the differential equations to the first approximation applicable 
to motion propagated equally in all directions from a centre. 
The &iSict equations obtained on the same principles are, 

^^S^vf .0. a, 

$-^^^-?-o. <») 

the first oi which differs from the equation usually obtained for 
this problem by having ku in the place of a, the value of /c being 
118545. (See the Article " On the Central Motion of an Elastic 
¥luid ■■ in the Philosophical Magazine for last January.) 

The known integrals of these equations apphcable to propa*- 
gation from a centre are, to the first approximation, 

v_ /'(^— ^^+g) /{r- /cat -he) 
^"^ r r^ ' 

r 

Respecting the function/it is to be observed that its form is not 
entirely arbitrary, because the secondary waves under considera- 
tion have their origin in waves whose velocity and condensation 
are expressed by periodic functions. It is evident, in fact, that 
V must have as many plus as minus values, since there can be 
' no permanent motion of translation of the fluid to or from the 
centre. Hence we may assume as follows : — 

f(r—Kat-\-c) 1 vf . 27r , . ."1 

f(r—icat+e) 1 ^r27mr 27r, . ^1 

r - ^ = ->-2[^^cos-(r^^^^-fc)J. 

As the ratio of the maximum values of corresponding terms 

on the right-hand sides of these equations is -:r-, it follows that 

the first term in the value of V is macli less than the other for 

P2 
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all values of r that are very small compared to \. If therefore 
such values be alone considered^ the first term, and consequently 
the condensation a, may be neglected ; and since the velocity of 
propagation in the setherial medium is extremely great, and may 
be regarded in this problem as infinite, we shall have very ap- 
proximately the same value of V as if the fluid were incompres- 



sible, viz. V=^, 



In order to include terms involving the second power of the 
velocity, the equation (1) is to be integrated, retaining the last 
term. We thus obtain 

and if ^=^2(1 + o), to the second power of a 

This equation gives the condensation <r at any distance r from 
the centre of the atom from which the waves are supposed to be 
propagated, whence the pressure of the fluid on another atom situ- 
ated at a given distance from the first might be inferred^ Bat 
so far as the condensation is periodic, it will only give rise to 
oscillatory motions of the second atom, and may therefore in the 
present inquiry be left out of consideration. Hence since V, as 
we have seen, is necessarily periodic, and the above term affected 
with the sign of integration is consequently periodic, this term 
may be omitted. Also it will suffice to substitute for V in the 
last term the value given by the first approximation. Hence 
since 

V=#ca<r — -3.2 msin — (r— ATfl/H-c) J, 

by substitution in the foregoing equation and neglecting periodic 
terms, we shall finally obtain 

This result shows that the part of the condensation which has 
the efifect of giving a permanent motion to the atom, varies in- 
versely as the fourth power of the distance, and increases with 
the distance, since a is negative ; so that the second atom is by 
this pressure urged towards the first atom. But as the differen- 
tial pressure urging it varies directly as its radius, and inversely 
as the fifth power of the distance, the accelerative force from this 
cause must be extremely small, and not comparable iifith other 
forces that have to be taken into consideration. 
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Let us now investigate the eflfect produced by the impinging 

of the part of the velocity expressed above by — <|— on any atom^ 

supposing this velocity to be unaccompanied by condensation. The 
function f{t) must be periodic, and, taking account of its origin, 
may be put under the form 2[w» sin (6^-f c)]. It may be sup- 
posed that the atom on which this velocity impinges is at rest, 
because when an equiUbrium of caloric action is established, the 
motions of the atom will be oscillatory, and may be left out of 
account in calculating the mean effect of the incident velocity. 
Conceive the centre (A) of the atom from which the velocity is 
propagated, and the centre (A') of that on which it is incident, 
to be joined by a straight line, and let be the angle which any 
radius of the latter msies with this straight line. At this point 
of the reasoning I must take for granted what I have elsewhere 
much insisted upon, viz. that the reflected velocity at any point 

f(t) 
of the surface corresponding to the angle is "^^ cos 0, It may 

suffice to state here, that this value is required by the general 
law of axes of rectilinear transmission^ which I have shown to be 
an inference from the general hydrodynamical equation which 
expresses the law jo( continuity of the motion. (See the article 
in the Philosophical Magazine for December 1852, Prop. X.) 
The resolved part of the velocity along the surface is consequently 

-V sin 0. "We can therefore calculate the amount of pressure 

on the hemispherical surface on which the velocity is incident, 
by the hydrodynamical equation applicable to impressed or don- 
strained curvilinear motion, viz. 

icVrfp ^ dV ^ YdY 
pds '^ dt^ ds ' 

in which ds is the differential of the line of motion. But the 
lines of motion in this instance are the intersections of planes 
passing through the line AA' with the surface of the atom. 
Hence, if a be the radius of the atom, ds=oid0. Consequently 
integrating, and considering r to be constant, which is allowable 
on account of the small size of the atom and because the change 
of p due solely to change of r has already been considered, we 
obtain 

ic2a«Nap.logp-2^cos^+^^sin«^='^(/). 



Determining the arbitrary quantity so that where ^ = « /> is 
^oal to a constiBint pi, because at these positions there is no re^ 
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flexion^ we have 
'. ,fia^ Nap. log £--- 5^ cos g-- C^^^' coa^ g=0. 

Let p =s/>|(l + a). Then to small qaantities of the second order 

where the term involving 0t^may^ if we please^ be retained ^ but 
as it is probably wholly insignificant on account of the small 
magnitude of a, for the sake of brevity it will be omitted. The 
whole effective pressure on the atom in the direction AA' is 

27rpi JaV cos g X a sin x adB^ 

taken from 5=0 to 5= -5-, because by hypothesis the incident 
velocity is unaccompanied by condensation^ so that for values of 
greater than ^ the density is equal to />,. Henc^ it will be 
found that the whole pressure is equal to 

The first term of this result is periodic^ on account of the factor 
f(t), and therefore indicates no motion of translation of thd 
atom. The other term is partly periodic and partly non-pe- 
riodic^ and shows that the atom is subject to a pressure^ which 
causes a motion of translation from A, and varies inversely as 
the fourth power of the distance. It is evident that this repulsion 
from A, is a force of a higher order than the attraction towaros 
A, found in the former part of the investigation, because the 
latter was multiplied by the ratio of the radius of the atom to 
r. Hence the resultant of the forces acting between two atoms 
is a repulsion. 

It may be also remarked that, since 

f{t) = m sin {bt + c) + w' sin {b't + cf) + Sec, 

(yiO)*= 2" "*" "5" "*" ^^' "*" P®^^^^^ terms. 

Hence the effect of ^eveiul sets of vibrations acting simulta- 
neously, is the sum of the effects they would produce if they 
acted separately. 

Assuming the dynamic repulsion between two atoms obtaine4 
by the preceding reasoning to be identical with the repulsion of 
h§at» since it waa found that the motion of tnnu^ti^ii W9s dm 
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to the square of the velocity of the secondary waves^ and there- 
fore to the square of the velocity of the original waves, which* 
klter velocity varies inversely a$ the distance frotn a remoto 
origin, it fbllows that the heating effect of a radiating hot body 
Upon another distant body varies inversely as the square of thd 
difitatioe between them, as is found by experiment to be tha 
ease. 

- If the investigation had taken account of terms of the second 
Qfder in the value of the vdocity of the secondary waves propa* 
gated from the atom A (as terms of that order were taken into 
iMHM)unt in the value of the condensation), the effect on the 
tQotion at translation of the atom A' would have been of the 
order of the fourth power of the incident velocity, and may 
therefojp^ be neglected in comparison with the effect dae to 
lei^s of the first order. 

^he patt of the velocity accompanied by condensation, whieh 
was left out of account in the preceding investigatio]l> has 9lt 

the Surface of the atom A the ratio -~ to the pfeirt considered) 

fi being the radius of the atom. This ratio is so small that the 
effect of the omitted part may be wholly inappreciable. It is, 
however, to be observed that the velocity accompanied by con- 
densation varies inversely as the distance, and consequently that 
its moving effect on the atom A' would be found by a like in- 
vestigation to vary inversely as the square of the distance* Alsd 
the condensation accompanying it would cause a propagation of 
velocity to the opposite side of A', so that the integration with 
respect to would have to be taken to some value greater than 

5* and the effect of the velocity on the side towards A Would be in 

part counteracted. It is not my intention to enter fully upon the 
consideration of the waves of condensation in this oommunica- 
tion j but an important general remark relating to them may be 
appropriately made here. 

If we suppose waves of condensation to be propagated from 
all the atoms contained in a spherical space of radius /, the con«> 
'densation resulting from the composition of the waves at any 
distance (R) from the centre of the sphere very large compared 
to r will vary as the number of atoms, that is, as r® directly, 
and as B inversely, the mean interval between the atoms being 
given. If now we take another sphere, of larger radius, r', and 
another point, whose distance (Rj from the centre of the sphor^ 

b itteh that ^ t±^, then the condensation at \ke first )K»ml la 
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to the condensation at the other as ^ to ^, that is, as r* to r'% 

or as R^ to R'^. Hence, however small may be the condensa- 
tion propagated from a single atom, the resulting condensation 
from an aggregation of atoms in a spherical volume may be of 
sensible magnitude at finite distances from the centre, if the 
number of atoms in a given space be very great. The dyn$tmi« 
cal efiPect of these compound waves on a given atom may be in* 
vestigated in the same manner as the effect of the aecondary 
waves propagated from a single atom ; and a motion of tripisla- 
tion will be found to result as before. But it is evident that 
according to the distribution of the condensation about the 
atom, resulting from propagation along its surface, the motion 
of translation may either be from the centre of the waves, or be 
neutralized by equality of the pressures on the two hemispheres, 
or be towards the centre by an excess of pressure on the further 
hemisphere. The full consideration of these cases I reserve for 
a future opportunity. At present it will sufiSce to say that in 
this manner it is conceivable that while the individual atom^ 
are repulsive to each other, an aggregation of atoms may give 
rise to a controlling attraction. 

The last inference is important, on account of its bearing on 
a theory of the different physical states of substances. A body 
in a state of solidity has an energetic attraction of aggregation ; 
in liquids this attraction is only feebly in excess of the atomic 
repulsion ; and in gaseSy the atomic repulsion is in excess, the 
density being small, and is controlled by some extraneous attrac- 
tion, as that of gravity. In gaseous masses of great magnitude, 
such as the atmospheres of comets appear to be, the solar rays 
may produce a vast accumulation of heat by successive orders of 
internal reflexions ; and it would be quite in accordance with this 
theory if, under these circumstances, an attraction of aggregation 
were generated sufficient to control the atomic repidsion. I 
have, in fact, shown, in a commimication recently made to the 
Cambridge Philosophical Society, that most of the phsenomena 
of Donati's comet, and in particular the production and direction 
of the tail, admit of explanation on this hypothesis. 

Again, it may be remarked that the atomic repulsion from ^ 
single atom of an aeriform substance may be nearly independent 
of the density, on account of the comparatively large intervals 
between the atoms. But in the case of liquids or solids, the 
much greater proximity of the atoms to each other may give rise 
to successive orders of reflexions, which would cause the inten- 
sity of the compound waves reflected from a given atom to be 
dependent on the number of atoms in a given space. In fact, a 
difference between aeriform bodies and fluids or solids in this 
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particular may very well account for what has been called hUeni 
heat. 

It has been supposed in the theory^ that the atoms from which 
the secondary waves are propagated^ and those on which they are 
incident, are completely at rest. It is^ however^ evident that the 
amount of reflexion must be in some degree influenced by the 
mobility of the atoms^ being less as the mobility is greater. 
Hence^ as it may be supposed that when a substance is passing 
from a state of fluidity to a state of solidity the stability of the 
atoms is increasing^ it is conceivable that the total atomic repul- 
sion during this state of transition may be on the increase^ 
although the temperature of the substance^ and consequently the 
intensity of the waves propagated from each atom^ may be de- 
creasing. In this manner the expansion of water^ with a dimi- 
nishing temperature near the temperature of conversion into ice, 
may be explained. 

Cambridge Observatory, February 18, 1859. 



XXXIII. Second Note on Poinsot's four new Regular Polyhedra. 
By A. Catley, JBsg.* 

THE Note on Poinsot*s four new regular Polyhedra (February 
Number, p. 123) was written without my being acquainted 
with Cauchy^s first memoir, " Recherches sur les Polyedres '' 
{Jour. Polyt. vol. ix. pp. 68-86, 1813), the former part of which 
(pp. 68-76) relates to Poinsot's polyhedra. Cauchy considers 
the polyhedra, not as projected on the sphere^ but in solido ; and 
he shows, very elegantly, that all such polyhedra must be derived 
from the ordinary regular polyhedra by producing their sides or 
faces. The reciprocal method would be to produce the sides or 
join the vertices ; and, adopting this reciprocal method, and pro- 
jecting the figure on the sphere, we have the method employed 
bv Poinsot, and explained and developed in my former Note. 
Cauchy does not at all consider Poinsot's generalized equation, 
eS + H = A + 2B, nor- of course my farther generalization, 
tf S + c'H = A + 2D ; but the latter part of the memoir relates to 
a generalization, in a different direction, of Euler's original for- 
mula, S + H=A + 2: viz. Cauchy's theorem is — ''If a polyhe- 
dron is partitioned into any number of polyhedra by taking at 
pleasure, in the interior of it, any number of new vertices, and 
if P be the total number of polyhedra thus formed, S the total 
number of vertices (including tnose of the original polyhedron), 
and A the total number of edges, then S + H=A+P + lj that 
is, the sum of the number of vertices and the number of faces 

* Commumcated by the Author. 
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exceeds by unity the sum of the number of edges and of the 
number of polyhedra/^ 

For P=l, we have Euler's equation S + H5sA+2; and for 
P=:0^ we have a theorem relating to the partition of a polygon; 
viz. if the polygon is divided into H polygons, and if S be the 
number of vertices, and A the number of sides, then S + Hs=A-fl; 
from which it is easy to pass to EulePs equation, S-|-H^ A+2, 
for polyhedra. I remark that, in the equation S + H=A-f 1> 
H should, in analogy with Cauchy's notation for polyhedra^ be 
replaced by P ; so that we have for a single polygon^ 

A=g; 

»id for the partitions of a polygon, 

A=S+P-1: 

feorresponding respectively to Euler's theorem for a single poly- 
hedron, viz. 

S + H=A+a; 

and to Cauchy's theorem for the partitions of a polyhedron> viz. 

S + H=A+Ji + (P-.l). 

Cauchy^s second memoir (pp. 87-98) contains a very beautiful 
demonstration of the theorem implied in the ninth definition of 
the eleventh book of Euclid, viz. that two convex polyhedra are 
equal when they ar^ bounded by the same number of faces equal 
each to each. 

2 Stone Buildings, W.C., 
February 1, 1869. 

XXXIV* Proceedings of Learned Soeieiies. 

BOTAL SOCIETY. 

[Continued from p. 147.] 

June 17 y 1858. — ^The Lord Wrottesley, President, in the Chair. 

THE following communications were read :^^ 
" Researches on the Action of Ammonia on Glyoxal." By Dr. 
fi. Debus. 

If alcohol be slowly oxidized by nitric acid at ordinary tempera- 
tures, besides other substances, glyoxal, C^ K^ O^^ and glyoxylic add, 
Ca 64 O4*, are formed. 

I have continued the investigation of these i^ubstances, and beg 
to lay before the Royal Society some of the more interesting results. 

Glyoxal, of the consistency of ordinary syrup, is mixed with about 
three times its bulk of strong ammonia, and the mixture kept fyt 
twenty tainutes at a temperature from 60® to 80® Ci The liqaicl 
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now cotitainis two organic bases— one in the shape of a crystalline 
precipitate^ which I propose to feaU glycosine, and the other in 
Sbktion^ to which in this paper the name of glyoxaline will be 
applied. Besides these two substances, only a little formic acid and 
the excess of ammonia can be recognized in the Uquid. 

GlycosinersCgHgN^. The crystals contained in the ammoniacal 
liquid are collected on a filter and washed with cold water. By 
dissolying them in diluted hydrochloric acid, treating with charcoal, 
tod addmg ammonia to the decolorized solution, the glycosine is 
Obtained as a colourless, crystalline precipitate. The crystals are 
little prisms, tasteless, inodorous, and only soluble in a great quan« 
tky of boiling water. They become very electric when rubbed in a 
mortar. A little glycosine placed between two watch-glasses and 
heated on a sand-bath, subUmes without leaving a residuci and 
produces magnificent prismatic needles, sometimes half an inch in 
length. It forms salts with acids, which generally crystallize well. 
The chloride has a great tendency to form double salts with th^ 
chlorides of copper, mercury, and platinum. 

Chloroplatinate, CeH3N^+2(HClPtCy, forms a fine yellow 
crystalline powder, soluble with difficulty in water. An excess of 
water seems to abstract bichloride of platinum and hydrochloric 
acid. Glycosiiie is formed from ammonia and glyoxal according to 
the equation — 

3(C5H,0,)+4NH3=C.HeN,+ 6H,0 

Glyoxal. Glycosine. Water. 

I showed on another occasion, that glyoxal has the properties of 
an aldehyde. Its behaviour towards ammonia confirms my fortfier 
conclusions. The formation of amarine, from oil of bitter almonds^ 
pf aeetonine from acetone and ammonia, takes place in a similat 
manner : — 

3(C,HeO)+2NH.=C,,H^N,+ 3H,0 

Amarine. 
3(C,H,0)+2NH,=C,H,,N,+3H,0 

\ V . ' 

Acetomne. 

In idl other known cases, when from an aldehyde or the chloride 
of aa alcohol radical and ammonia> a basic substance is ibrmedj 
one or two equivalents of ammonia participate in the reaction. 

if ammonia and glyoxal decompose each other, four equivalents of 
die first transfer their nitrogen to one equivalent of the base pro-' 
dttced. The direct derivation ^m ammonia of a base which con- 
tains four equivalents of nitrogen, seems to me to be very ihter- 
touting. 

The rationid ^rmtda of glycosine is probably 
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It is worthy of notice^ that in chemical decompositions yery often 
three equivalents of an aldehyde unite and act like one molecule; I 
will only mention, as examples, mesitylene, acetonia, thialdine, hy- 
drosdicylamide, and amarine. 

Glyoxaline =C8 H^ Nj is obtained as binoxalate from the mother- 
liquor of glycosine, if, after expelling the ammonia by gentle heating, 
an excess of oxalic acid is added. The binoxalate crystallizes very 
well and may be purified easily. The composition of it is expressed 
by the formula C, H^ N, + C, B^ 0^. The base is obtained from this 
salt by treating it with carbonate of lime, and evaporating the fQtrate 
from the oxalate of lime to the consistency of a strong syrup« 

Glyoxaline crystallizes with difficulty in prismatic cirstals, radia- 
ting from one centre. It is easily soluble in water, has a strong 
alkaline reaction, neutralizes acids perfectly, but does not appear to 
form a compound with carbonic acid. It melts easily, smells like 
fish, and evaporates at a higher temperature in dense white fumes. 
Chloride of copper forms a precipitate with glyoxaline, which is 
soluble in an excess of the base. 

The chloropktinate, C, H^ N^ + HCl PtCl^ crystallizes in large red 
prisms, and is easily soluble in hot water. 

The formation of glyoxaline takes place according to the following 
equation : — 

2(C,H,0^ + 2NH,=C3H,N, + CH,0, 4-2H,0 

GlyoxaL Glyoxaline. Formic add. Water. 

Glyoxaline is homologous with sinnamine* 

*^ Further Remarks on the Organo-metallic Radicals, and Obser* 
vations more particularly directed to the isolation of Mercuric, 
Plumbic, and Stannic Ethyle.'' By George Bowdler Buckton, Esq., 
F.R.S. 

Before again entering on the subject of the organo-metals, the 
author wishes to call attention to the remarks he has previously 
made'*' on the difficulties which presented themselves at that time in 
the preparation of mercuric ethyle. Secondary decompositions, 
induced by the nature of the materials employed and the high 
temperature necessary to the reaction, showed themselves even in 
the more easily prepared mercuric methyle, and reduced the quantity 
obtained considerably below that pointed out by theory. 

The loss sustained in the similar operation of distilling together 
cyanide of potassium and iodide of mercurous ethyle, C^ H, Hg, I, is 
yet more marked; and it may be remembered that the portion 
obtained did no more than suffice for a cursory examination of its 
most marked characters. A new mode of operating was therefore 
desirable, and it was not long before the following considerations 
presented themselves. 

The powerful and well-defined affinities of zino-ethyle have already 
furnished a valuable key to the ^cplanation of several chemical 

* PhiL Traiukltoy. Soci Ftoc Boy. Soc voL ix. p. 91* 
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problems, and seem to Be well suited for experiment in the present 
case. Bearing in mind its well-known reactions on water and hydro- 
chloric acid, there appeared to be well-grounded reasons for supposing 
that interesting decompositions might be effected with various oxides, 
chlorides, and iodides. 

Through the instrumentality of zinc-ethyle the author has succeeded 
in isolating, in a neat and efficient manner, several of the organo- 
9^etals, and he indulges a hope that they may, when taken as starting- 
points of investigation, prove of service in fixing exact formulae to 
some of those bodies> the composition of which, at present, appear 
doubtful from their complexity. 

Action of Zinc-ethyle on Mercuric Chloride, 

.Corrosive sublimate acts with great energy on zinc-ethyle ; so much 
fiu, as to render it necessary to cool the apparatus in water, and add 
the well-dried salt by degrees. An excess of the latter must be 
avoided, since chloride of mercurous ethyle would be formed, as was 
formerly shown to be the case in the methyle series. 

After the two bodies have been brought together in their proper 
proportions, heat is applied, and the radical passes over by distillation 
as a heavy, colourless, and nearly inodorous ii(][uid ; the slight excess 
of zinc-ethyle is then decomposed by the addition of water, and just 
sufficient dilute hydrochloric acid added as will dissolve the preci- 
pitated oxide of zinc. 

The two transformations may be seen in the equations, 

C4H5 Zn+HgCl=C^ H5 Hg+Zn CI, 
and again, 

C, H, Hg-hHg C1=C, H« Hg, CI. 

The pure radical boils at a temperature between 158^ and 160° C. 
It burns readily, with a luminous and somewhat smoky flame, with 
disengagement of mercurial vapour. It is almost wholly insoluble 
in water. Alcohol dissolves it rather sparingly, but it mixes freely 
with ether. 

The behaviour of acids towards mercuric ethyle is strictlv analogous 
to that shown by mercuric methyle. With dilute acid there is but 
little change, but warm concentrated hydrochloric or sulphuric acid 
Uberates hydride of ethyle in sufficient quantity to permit of its 
inflammation through a gas jet. The salts of mercurous ethyle 
remaui in solution. 

The specific gravity of a specimen boiling between 1 58° and 1 60° C. 
was found to be 2*444, and the same sample when submitted to 
Analysis, gave numbers agreeing accurately with the formula 

C,H.Hg. 

The correctness of this formula was further confirmed by an appeal 
to the vapour-density. 

The first experiment failed, from the circumstance that the vapour 
decomposes with a shght explosion, when heated a few degrees 
above 205° C. In this experiment metallic mercury was deposited 
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on the walls of the glass halloon as a grey film, and the oAes 
contents consisted of an inflammahle gas. Mercuric ethyle appears 
therefore to he resolved at this temperature into eihjle gaa and 
mercury. 

Another experiment was more successful, and gaye the numher 
9*97 for the vapour-density. 

The equivalent weight of mercuric ethyle is 129, which, being 

129 
divided by the former figures, gives ^ » 12*94. If the constitaenta 

of this radical be condensed into two volumes of vapour, the morf 
accurate number 14*86 should have been obtained. 

The theoretical density of mercuric ethyle, thus calculated, is equal 

This portion of the subject would be incomplete unless f^ feif 
words were added on the behaviour of zinc-ethyle towards mercurpus 
chloride. 

It has been mentioned, that all attempts to reduce iodide of mer- 
curous methyle to the form of a radical containing one equivalent of 
methyle and two equivalents of mercury have hitherto failed. 

Reasoning a priori, we should not expect to find a departure in 
the present case, neither does such appear. Mercurous chloride 
reacts with vigour on zinc*ethyle, hut metallic mercury is formed 
simultaneously with chloride of zinc and mercuric ethyle. 

The decompositions of mercurous and mercuric chlorides or 
iodides, are thus shown : — 

C,H,Zn+Hg,a=C,H,Hg+ZnCl+Hg, 
and 

C4 H, Zn+ Hg C1=C^ H, Hg+ Zn CI. 

Having g«eceeded, bv these simple means, in effecting a leplaoement 
in liae-ethyle througn the ordinary metallic chlorides, there remamed 
yet one point untouched, viz. the behaviour of various orgaao- 
metallic salts, under similar treatment. 
First in order was tried 

The Action 0/ Zinc-ethyle on Iodide 0/ Mercurous JElthyle. 

Carbonic acid, or ordinary coal-gas, was slowly passed through the 
aeck of a retort ; and when the atmospheric air was displaced, about two 
ounces of zinc-ethyle, nearly fre^ from ether, and wholly so f^om iodide 
of ethyle, was introduced. Iodide of mercurous ethyle was then added, 
by decrees, through the tubulur^, and the whole mixed by agitation. 
The zmc-ethyle at first dissolves the iodide, but subsequently a eake 
of iodide of zinc is formed. Distillation was then commenced, the 

* Here it is fitting to mentioii an error that has crept into the calculation of the 
vapour-density of mercuric methyle as it appears printed in the * Proceedings of the 
Royal Society.' A false figure in the denominator of one of the fractions, causes 
the experimental density to appear as 14*86, whereas the true experimental density 
ohserved was 8*29. The theoretical density of mercuric methyle, calculated for two 

volumes, equals -^^irijga: 7*95. 
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h^ beipg raked by degrees until gaseous products appeared. The 
distillate, after being well washed, was rectified by the thermometer, 
and in this manner the radical was obtained in a state of purity. 
Iodide of mercurous ethyle may be formed so easily by diffused day-^ 
light, and its action is so gentle on zinc-ethyle, that its use offers 
greater conveniences to the operator than are afforded by any of the 
substances previously mentioned. 

For obvious reasons, a similar choice of materials is recommended 
for preparing mercuric methyle. 

Actum of Zine-^thyle on Chloride of Lead, 

The close relations which €xist between the three metals, lead, 
mercury, and silver, in their equivalent weights, salts, and other 
characters, lead the author to anticipate success in forming their 
ethyle bases. 

The existence of the lead radical might indeed be considered as 
certain, since various salts of complicated structure have been made 
known to chemists through the experiments of M. Lowig, on the 
alloy of lead and sodium, under treatment with iodide of ethyle. 

The principal product obtained by him, and the only one appa* 
rently analysed, nad a grouping similar to a sesquichloride. Th^ 
formula ascribed by him to the radical plumbethylium is Y\ {OJl^^. 
I have attempted to form the iodide of this radical by exposing 
sealed tubes, containing granulated lead and iodide of ethyle, to the 
sun's rays, but without success. No better result was obtained by 
substituting bromide of ethyle for the iodide, and no change could 
be induced even when these tubes were heated strongly with high# 
pressure steam. 

M[. Lowig's method was Qot resorted to, from the supposition thai 
the action of zinc^ethyle on a mixture would only give rise to radicals 
of various constitution, which it might be imposnible afterwards to 
separate, except by working on a large scale, which, oonddering the 
costliness of the materials, had its disadvantages. Perhaps success 
might attend the use of one of Dr. Frankland's mirrors iot coneeiu. 
trating the sun's rays. 

For obtaining the lead-radical, recourse was had to well-dried 
chloride of lead, which was introduced into a flask containing zinc- 
ethyle. The chloride immediately turned black, from the deposit of 
metallic lead, whilst moderate heat was disengaged. An excess of 
«hloride was used, and the mass incorporated by stirring with a 
glass rod. Aft^ applying a gentle heat for a few minutes, the 
floating clear liquid was pipetted off. This substance is apparently 
a compound of zinc-ethyle and the lead radicals. It fumes slightly 
in the air, and no digestion with chloride of lead appeared to resolve 
it entirely into the lead base. 

A great part of the zinc-ethyle, however, is removed by subsequent 
distillation ; but the temperature should not be permitted to rise 
above 140° or 150° C. The substance in the retort is then treated 
with water and dilute hydrochloric acid, when the radical separates, 
and sinks in the form of colourless drops. When distOled pautiouslyi 
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tlie thermometer soon rises to 200°; but beyond this point the vapour 
is yery prone to decomposition, with deposit of metallic lead. 

From this tendency to change, there is some difficulty in obtaining 
the substance wholly pure from bodies with lower boiling-poiats. 
The larger portion came oyer between 198° to 202°. Its specific 
gravity was found to be 1*55. 

Anidysis led to the formula 

PbC3Hjo,orPb(C,H,X. 

It should, however, be noticed that a trifling excess in the per- 
centage of carbon obtained, showed an increase rather than a decrease 
in the number of equivalents of ethyle. 

This radical, for which the provisional name of plumbic bis-ethyle 
is suggested, is a colourless fluid, possessing tittle or no odour. It 
is insoluble in water, but perfectly miscible with ether. It bums 
readily with a beautiful orange-coloured flame> edged with blue, and 
gives off fumes of oxide of lead. 

The radical appears to be incapable of forming salts without a 
partial decomposition. With weak acids there is no perceptible 
action ; but when they are concentrated and gently heated, a gas is 
given off, and crystalline salts are produced. 

, The chloride is insoluble in water, but soluble in alcohol and in 
ether, from which last Hquid it crystallizes in satiny needles, which are 
very volatile and provoke sneezing and lachrymation. It bums with 
the characteristic lead flame, and by long digestion with concentrated 
hydrochloric acid, is converted into chloride of lead and volatile 
products. 

The sulphate also appears as a crystalline mass when plumbic-bis- 
ethyle is gently warmed with a few drops of concentrated sulphuric 
acid. It is conveniently prepared by agitating the materials in a 
stoppered bottle, an exit being made from time to time for the gas 
which is liberated. 

Both these salts require analyses to fix their. composition, the 
details of which the author hopes shortly to be able to communicate. 

The Action of Zinc-ethyle on Chloride of Silver. 

These substances react with some violence, and a black substance 
sinks in the tiquid, which proved to be a mixture of chloride and 
metaltic silver. . The zinc-eihyle seems partly to escape decomposition, 
even when the chloride is in excess and considerable heat is applied. 
On the addition of water, effervescence sets in, and chloride of zinc 
is alone found in solution. 

In another experiment dry ether was employed instead of water, 
under a supposition that a solid compound might be formed, soluble 
in that menstruum. The only reaction, however, appeared to be 
that expressed by the equation, 

C^Hj Zn+AgCl=Zn Cl+Ag+C^ H.. 

A similar negative result was obtained when zinc-ethyle was made to 
react on protochloride of platinum, Pt CI. The action is violent, 
and the platinum is thrown down in the form of platinum-black. 
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Tie same remark also applies to protocbloride of copper, Co, CI, 
when similarly treated ; no combination of copper and ethjle couM 
be thereby elimimUed. 

Action of Zinc-ethylc on Iodide of Stan^thyle, 

This iodide, C^ H^ Sn, I, was readily obtuned by beating sealed 
•tabes containing excess of tinfoil and iodide of etbyle from 150^ to 
160° C. The pure transparent crystals which were obtained by a 
little management, were introduced, in a melted state, into a retort 
cdntaiiiing zinc-etbyle. It is necessary to cool the apparatus with 
water. After breaking up the resulting mass, the retort was heated 
until the thermometer marked 210^ C, and the distillate, which con- 
tained a slight excess of zinc-ethyle, was a^tated with water, and 
treated with dilute acid, as before described. 

The resulting heavy liquid was again distilled, and fractionized 
- with the thermometer. By far the larger portion came over between 
170° and 180° as a clear and colourless body, insoluble in water, but 
soluble, like the other radicals, in ether. That portion which pos- 
sessed a boiling-point between 176° and 180° C., was taken for 
examination, and was found, when burned with oxide of copper, to 
give the fomnla g„c,H., or Sn (C,H.),. 
This compoimd, for which the name stannic bis-ethyle is proposed, bas 
a specific gravity of 1*192. In its external and more prominent 
characters it resembles plumbic bis-ethyle ; but an exception may be 
made, that it is more stable. It is very combustible, burning with 
a. coloured flame and scintillation like that exhibited by the metal tin 
under the flame oi the hydro-oxygen blowpipe. 

This radical appears to differ in several particulars from the 
organd-metal stan-ethyle, C^ H^ Sn, obtained by Dr. Frankland by 
acting on sheet-zinc with a salt of stan-ethyle. This last body is 
described as a thick, oily substance, possessed of a powerful odour, 
and having a specific gravity of 1*55. It differs also in its lower 
boiling-point, which is about 150° C. 

Pure stannic bis-ethyle is perfectly limpid, inodorous, and is acted 
upon by hydrochloric acid with difficulty. A gas is slowly evolved 
.'on the application of heat, and a chloride is formed which seems to 
be richer in tin than the radical itself. 

The chloride appears to crystallize with difficulty, and at usual 
temperatures has the consistence of an oil. It possesses a powerfully 
pungent odour, and when heated, a vapour which painfully attacks 
the skin of the face, and produces fits of sneezing. 

A corresponding bromide is formed when bromine is added to 
stannic bis-ethyle. It is an oily body, with an irritating odour. 
When acted upon by ammonia, an oxide is precipitated, which with 
acids forms beautiful crystallizable salts, readily soluble in water. 

A complete history of these salts, and their decompositions with 
' zii\e-ethyle, will possess much interest, and may prove of value in 
referring to a few simple radicals the numerous complex bodies 
described by Lowig, &c. 

Phil. Moff. S. 4. Vol. 17. No. 113. March 1859. Q 
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Thte author it at preient ensaged on tbii branch of the m^tiiiys 
a detailed account of which he hopes to embody in a oommmiication 
to the lloyal Society, the present paper being intended only as an 
outline to be hereafter filled in« . . 

In conclusion, the author would remark that a rich harvest can 
' searoely fail to bb reaped, from submitting^ to the action of adne^thyle 
the metallic compounds of other groups, such as arsenic^ bismuth, 
and antimony. 

" Preliminary Notice of Additional Researches on the Cindiona 
Alkaloids.''---Ftot III. By W. Bird Herapath, M.D. 

HaTing had occasion to make some ezpenments upon the rotatory 
power of the /3-quinidine mentioned in the first part of his paper*, he 
arrived at the conclusion that some other feebly dextro^^rrate alka- 
loid accompanied it, and of a more soluble and less crystallizable 
character. Consequently, on its further purification by frequent re- . 
crystalliaation from alcohol, the quinidine was obtained perfectly pure ; 
it then had the molecular rotation assigned to it by Pasteur, namely 
250**' 76^. Two examinations have given the following elements :— 

I. Its solution having been made in rectified spirit of '836 by boiling, 
and crvstallized at 62*^ F., the concentrated solution decanted gave 
the. following elements for Biot's formula : — . . 

Arc 
€• ^y L blue violet. 

•02728 -85172 315-8 . 18°-5/= 251^-7/ 

II. Its mdphate, perfectly neutral, and concentrated at 61** F,: — 

€, d. i. Arc 

•0088441 1-00406 315-8 7^ =249.65/ 

"These observations were all made with the naked eye^ and t&e 
tint of passage was that of the blue-violet petal When the pink 
violet, or lilac tint was employed, the arc observed was 20**-25 f6r 
No. I. experiment, which with the same elements of ddculation gave 
274^-093/; and with No. IL, the arc 25^75, which, as before, gave 
279*'-7y . The sUghtly dextro-gyrate alkdoidexistmg asawmtami- 
nation was quinicine ; and upon its removal, the /3-quini<Mne had the 
same solubility in ether as the quinidine of Pasteur. One very pecu- 
liar circumstance elicited during this examination, veas the fact that 
the perfectly pure recrystallized quinidine, if made into the neutral 
sulphate and crvstallized by cooling, produces, if made with distilled 
water at 212^ F., a slightly greenish solution, however great the care 
which might have been taken to remove all the mother-water by 
washing the crystal on the filter. This green tint deepens consider- 
ably during concentration, or by boiling, and at length gives rise 
to the erroneous impression that some salt of copper is present : 
in this condition, a tube having a length of 315*8 miUims., when 

* Phil. Mag. vol. xvL p. 55. 
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filled wkh the solution^ is absolutely impervious to light. It is pro* 
bable that some molecular change is produced by the action of boil- 
ing, evea if only for a short time ; therefore it was necessary to make 
a concentrated solution at 120^ F., and set in repose for some days 
at 62^ F.^ by which precaution the solution experienced only a very 
slight discoloration. When formerly experimenting on /3-quinidine, 
the author obtained an iodo-sulphate very different ^om that which 
he has described as indicative of the quinidine of Pasteur : having 
pursued this inquiry, he is now enabled to state that his former dis- 
crepancies arose from the fact that quinidine forms two iodo-sul- 
phates, according to the manner in which it is treated. 

1st. When a dilute solution of the acid sulphate of quinidine is 
mixed with one-third or one-half its bulk of rectified spirit and raised 
to 160° or 180°, then treated with tincture of iodine in small quan- 
tities, the red iodo-sulphate is produced, having the characters pre- 
viously described as indicative of quinidine, — quinine, when similarly 
treated, invariably producing the optical salt. 

The only precaution necessary to be taken in the case of the 
alkalcad quinidine is to avoid adding an excess of iodine ; other- 
wise an amorphous resinoid substance is deposited which will not 
eiystaltize. 

2ndly. But when we treat the acid sulphate of quinidine in a con- 
centrated form, diluted with from thirty to forty times its bulk of rec- 
tified spirit at a temperature rather below 120 F., with the tincture 
of iodine, even in greater proportions, an optical salt of quinidine is 
produced, being the perfect analogue of the quinine salt. 

It crystallizes from this strong spirituous solution in acicular long 
lanceolate prisms, the form of which appears to be a rhomboid having 
30° for the acute and 150° as the obtuse angles ; but they are more 
frequently found with a termination like the blade of an ordi- 
nary bleeding-lancet. These prisms have a frequent disposition to 
hemitropism, but in superposition, so that two plates may be often 
found overlying each other in a parallel position, wholly obstructing 
light in those portions where they cover each other, but transmitting 
an oUve- or yellowish-green tint where separate. 

Sometimes the terminal planes are rectangular. This imbricated 
mode of crystallization is very peculiar ; and although the author has 
made thousands of experiments with quinine, yet he never saw any- 
thing similar to it ; for this alkaloid invariably crystallizes from dilute 
alcoholic solutions as the a-prism, obstructing light when the length 
is perpendicular to the plane of reflected Hght polarized in a vertical 
plane, — or from strong alcoholic solutions, where the spirit is about 
two-thirds the bulk, as /3-prisms, which obstruct hght in the opposite 
plane, or, as the author has described it, when the planes of their 
length ^' He in a plane parallel to that of the polarized beam with 
which they are examined.'* In the case of quinine, these two sets of 
prisms never occur together; but if made by separate operations 
and then artificially mixed on the same slide, they present the optical 
characters of this new quinidine salt, viz. obstructing light when two 
long prisma overlie each other in a parallel position. They are there* 
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fore Or ilnd /S-prisms crystaliizmg together from the iame ittong aIco« 
holic solution. 

The more frequent form in which this salt shows itself> however, is 
as the 0t-prism, from solutions in which the alcohol is yastlj predomi- 
nant over the water ; whereas with quinine, jS-prisms always develope 
themselves under similar circumstances. 

This new quinidine salt has a very great similarity in its optical pro- 
perty to the quinine salt. Its reflected tint is a metallic hlue-green, 
when in liquid or in contact with glass ; hut after filtering, and when 
exposed on paper, it has a brownish-olive colour, and loses all appear- 
ance of metallic reflexion to the naked eye. Its transmitted tint is, 
when polarized parallel to its axis, a brownish-yellow green, even in 
thin plates, but verging to brown in thicker. Its " indicative body- 
^our " is brownish red. 

One great peculiarity attends upon this salt ; if it be permitted to 
remain in the acid mother-liquid, it disintegrates by gradual solution, 
and disappears, whilst, upon the side of the bottle, solid and 
large crystals slowly form, of a rhombohedric form, or having 
some of its modifications, the more frequent of which is that with 
replacement upon the short axis of the rhombohedron by triangular 
planes. These crystals have a deep sienna-brown colour by trans- 
mission, aiid a dark steel-blue by reflexion, verging on purple; 
. they strongly polarize light, and differ materially from the garnet-red 
iodo-sulphate previously described, by the g]*eater intensity of their 
optical properties. 

When we attempt to purify the optical thin prisms by recrystalli- 
' zation from alcohol, the same modification appears to be produced ; 
but the crystals are acicular rhombic prisms ; the optical char^- 
ters are the same, however, as those of the rhombohedral form. 

The characters, therefore, by which this salt is known from qui* 
nine are many. 

1st. Its crystallizing as a-prisms, or as cc- and /3-prisms from strong 
spirituous solutions. 

2nd. Its brownish-olive reflected tint as seen by the naked eye. 
3rd. Its deeper yellow and brownish-green transmitted tint. 
4th. The probable difference in the primary form of the laminated 
variety, being a very acute prism of a rhombic form, having 30® as 
the acute, and 150® as the obtuse angles. 

5th. The modification which it undergoes by resolution or recrjr- 
stallization, and the formation of a salt more resembling the garnet- 
red iodo-sulphate, but having strongly marked differential characters 
from this beautiful salt, viz. its strong tourmaline powers of absorp- 
tion and its deeper colour, being nearly a brown- purple, and by its 
disposition to assume the. rhombohedric form. 

The author has not yet analysed this salt, but hopes ere long to 
accomplish this matter and communicate his results to the Royal 
Society ; but he ventures to hope that it will be found to contain 
2 atoms sulphuric acid and 3 atoms iodine, like the analogous quinine 
and citichonidine salts. 
, The author has also assured himself that there is an analogous 
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cTass of salts produced by ethylcf quinine and etbyle-quinidine, but 
optically distinct from those of quinine and quinidine. He h?w ^ready 
produced three salts from ethyle-quinine, having optical characters 
different from any previously described. 

1st. A deep purple-red salt by transmitted light, in thicker plates 
or^ aciculae quite impervious to light. This salt occurs as very slender 
acicular prisms ; it has a brilliant metallic-green reflected tint^ but 
very little double absorption. 

2nd. There is a foliaceous salt, having a plate-like form, a deep 
red or orange-red colour, transmitting an orange-yellow, having only 
slight opti<^ powers. 

3rd. A salt having many of the characters of the new quinidine 
salt when first produced, viz. the optical characters and the a- form ; 
but on attempting to recrystallize it, the orange-red plates just de- 
scribed are alone produced. 

The only salt yet produced from ethyle-quinidine is one very similar 
to the red salt described above, but it has only been very partially 
examined. The iodide ethyle-quinidine is a very beautiful silky salt, 
less soluble than the iodide ethyle-quinine. The author is not aware 
tbat it has yet been described. It is readily made by mixing an 
alcpholic solution of quinidine with an etherial solution of iodide- 
ethjle ; on repose, the new iodide ethyle-quinidine separates in long, 
slender, silky aciculse; and further crops can be repeatedly pro- 
duced by diluting the original solution with water until precipitation 
begins to follow ; on long repose, the iodidS crystallizes and may be 
removed by filtration, and washed with dilute spirit. 

Note, — ^In reference to the rotatory power of the cinchona ^kaloids, 
tlie calculation of the molecular rotation gives an excellent plan of 
deciding on the purity of the alkaloid employed ; for if the absolute 
molecular rotation be obtained precisely identical with those given 
by other optical chemists, the purity may be inferred as proved. 
But it is possible for a large quantity of two alkaloids to be present 
in solution, one dextro-, the other levo-gy rate, and in such propor- 
tions that the polariscope shall give no indication of the presence of 
either. 

Thus a highly concentrated solution of the acid sulphate of quinine, 
marking a left-handed rotation of 57°'\, was mixed with rather more 
than double its bulk of a similar solution of quinidine marking 24*^,^^^. 
The resultant solution gave no rotation at all, the one effect perfectly 
neutralizing the other. 

In experimenting upon non-fluorescent solutions of quinine or qui- 
nidine in the polariscope, it was found that these solutions were still 
possessed of their original molecular rotation upon plane-polarized 
light, even undiminished, if care were taken not to dilute the fluid 
wnen destroying the fluorescence by the soluble chloride, &c., which 
was always done by adding it in the solid state. 

** Sur la Relation entre les Courants induits et le Pouvoir Moteur 
de r£lectricit^.'' By Professor Carlo Matteucci of Pisa. 
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"On the Influence of Temperature on the Refraction of Light.^- 
By Dr. J. H. Gladstone, F.R.S., and the Rev. T. P. Dale, M.A., 
F.R.A.S. 

Those who have occupied themselves with the determination of 
refractive indices, must have noticed that changes of temperature 
influence the amount of refraction ; yet few of the observations on 
record have affixed to them the temperature at which they were 
made, and few, if any, numerical researches have been published oa 
the subject. To determine, if possible, the amount and character of 
this effect of heat was the object of the present inquiry. 

The instrument employed was that described by the Rev. Baden. 
Powell in the British Association Report for 1839, and was kindly 
lent by him for the purpose. The substances more or less fully 
examined, were bisulphide of carbon, water, ether, methylic, vinic> 
amyhc, and caprylic dcohols, the two principal constituents of 
creasote — hydrate of phenyle and hydrate of cresyle, phosphorus, oil 
of cassia, and camphor dissolved in alcohol. 

Of the tabulated results the following two will suffice to illustrate 
the main conclusions : — 

Bisulphide of Carbon. 



Tempe- 
rature. 


Refractive 
Index of A. 


Index of D. 


Refracnye 
Index of H. 


Difleienee 

per 5<» C. 
forD. 


Length of 
spectrum. 


Disperave 
power. 


&c. 

5 
10 
15 
20 
25 
30 
35 
40 
42 


1-6217 
1-6180 
1-6144 
1-6114 
1-6076 
1-6036 
1-5995 
1-5956 
1-6919 
1-5900 


1-6442 
1-6397 
1-6346 
1-6303 
1-6261 
1-6220 
1-6180 
1-6140 
1-6103 
1-6083 


1-7175 
1-7119 
1-7081 
1-7035 
1-6993 
1-6942 
1-6896 
1-6860 
1-6810 
1-6778 


-0045 
•0051 
-0043 
-0042 
•0041 
-0040 
-0040 
-0037 
-0050 


•0958 
-0939 
-0937 
-0921 
•0917 
-0906 
•0901 
•0894 
-0891 
-0878 


•01487 
•01468 
-01477 
•01462 
•01463 
•01460 
•01467 
•01456 
-01460 
•01443 


Water. 


he. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
80 


1-3293 

1-3291 

1-3288 

1-3284 

1-3279 

13275 

1-3270 

1-3264 

1-3267 

1-3250 

1-3241 

1-3235 

1-3223? 

1-3218 

1-8203 

1-3178 


1-3330 
1-3329 
1-3327 
1-3324 
1-3320 
1-3317 
1-3309 
1-3303 
1-3297 
13288 
1-3280 
1-3271 
1-3259 
1-3249 
1-3237 


1-3438 
1-3436 
1-3434 
1-3431 
1-3427 
1-3420 
1-3415 
1-3410 
13405 
1-3396 
1-3388 
1-3380 
1-3367 

1-3344 
1-332.1 


-0001 
-0002 
•0003 
-0004 
-0003 
-0006 
•0006 
•0009 
•0008 
-0009 
•0012 
-0010 

-0012 

•0012 (A) 


•0143 
•0145 
-0146 
•0147 
-0148 
-0145 
•0145 
•0146 
•0148 
•0146 
•0147 
•0145 
0144 
•0138 
-0141 
•0143 


•00429 
•00439 
•00446 
•00438 
•00449 
•00448 
-00442 

-00435 ' 

[ 
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'Tbe following are the conclusions arrived at : — 

1 . In eyery sabstanoe the refractive index diminishes as the tem- 
perature increases. This is seen in the first four columns of the 
tabulated results^ which' represent the refractive indices of the fitted 
liaes of the spectrum A, I)» and H respectively at the temperatures 
indicated, while the succeeding column shows the amount of differ- 
ei\ce for each five degrees Centigrade, This change of refractive 
index by heat, for which the term sensitiveness is proposed, varies 
greatly in amount in different substances, melted phosphorus and 
bisulphide of carbon being the most, and water the least ^nsitive of 
the liquida examined. 

2. The length of the spectrum varies as the temperature increases. 
The difference between the refractive indices of the lines A and H, 
or /<.*— f(^» is taken as the measurable length of the spectrum, and is 
given in the sixth column. In the case of highly dispersive sub- 
stances, as bisulphide of carbon and hydrate of phenyle, it decreases . 
considerably ; in the case of less dispersive bodies, as the alcohols, it 
clecreases to a less extent; while with water the change is not 
appreoiablCr _ * 

3. In some substances the dispersive power is diminished* in 
others it is augmented by a riise of temperature ; that is, in such 
substances as bisulphide of carbon, it is the numerator of the fraction 

"'*" , that decreases fastest, while in such substances as water it is 

the denommator. The result of this is shown ioi the last column. 

4. The sensitiveness of a substance is independent of its specific 
refi'active or dispersive power. Thus water and ether are very 
similar as to the actual amount of the refraction and dispersion 
exhibited by them, but ether is many times more sensitive to heat 
than water is. 

5. The amount of sensitiveness is not directly proportional to the 
diange of density produced by alterations of tempeniure ; yet there 
is some relationship between the two phenomena. Thus in water 
the index of refraction and the density both change much more 
rapidly at high than at low temperatures; again, the remarkable 
reversion of the increase of density that takes place at 4^ C. is not 
without its indication in the amount of sensitiveness ;. and the large 
decrease of density at the freezing of water is accompanied by a 
fidmilar decrease of refraction. 
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Moreover, as a general rule, those substances that are most affected 
in density by heat are the most sensitive. 

6. No sudden change of sensitiveness occurs near the boiling- 
point; at least this is true in respect to bisulphide of carbon, ether, 
ai|d inethyUc alcohol. 
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** Oa the Adaptation of the Human Eye to varying Distances." 
By Charles Archer, Esq., Surgeon, Bengal Army, 
The following is a summary of the author'sviews on the question ;— « 

1 . The eye is adapted to varying distances principallv by an alter- 
ation in the fibrous arrangement of the lens itself. Moreover, that 
when the lens is removed after an operation for cataract, the power 
of adaptation is nearly lost, and can only be exerted within very 
confined distances. 

2. That the purpose of focalizing light at short distances is doubt* 
less assisted, as suggested by Bowman, by the contractions of the 
ciliary muscle, in its antero-posterior direction, bringing forward the 
ciliary processes. 

' 3. lliat as the posterior hemisphere of the capsule is firmly united 
to the hyaloid membrane, this portion must always remiedn quiescent, 
and therefore the antero-posterior contractions of the ciliary muscle 
must be very limited as regards ihe lens. 

4. That the ciliary muscle, being placed around the eye, and its 
fibres being of a somewhat plexiform character, the contractions of 
the muscle will relax those yielding portions of the eye placed within 
its circumference. 

5. That the relaxations of the ciliary processes will deprive the. 
capsule of its firm support. It will be pressed forward by the lens, 
which will meet with no further resistance to the expansion of its 
short axis. 

6. That the lens itself, as microscopically described by Bowman 
and Eolliker, is admirably adapted to the varying changes which 
take place in the capsule. 

7* That the posterior capsule being firmly united to the hyaloid 
membrane, the alteration in the diameters of the cavity of the cap- 
sule must take place from the periphery of the lens to its centre, 
and from behind forwards, but not from before backwards, on accoimt 
of the close union of the posterior capsule to the hyaloid membrane. 

8. That to allow such alteration to take place without endanger- 
ing the achromatism of the lens, the alterations in the plane of its 
long diameter must be synchronous with the alterations in the plane 
of its short diameter. To allow of this, the margin of the lens is free 
in the canal of Petit ; were it not the case, chromatic aberration, 
would result. 

9. That the elasticity of the capsule of the lens and the ciliair 
muscle are antagonistic ; that on the ciliary muscle becoming relaxed, 
the capsule of the lens is free to exert that elasticity. 

10. That, by the pressure exerted by the anterior hemisphere of 
the capsule by means of the polygonal cells of Virchow on the ante- 
rior face of the lens, the organ is able to fulfil all the requirements 
for adapting it to receive focalized light from long distances. 

1 1 . That the polygonal cells of Virchow are placed on the pos- 
terior surface of the anterior hemisphere of the capsule with the* 
view before mentioned, and that they are arranged with their long 
diameters in an antero-posterior direction, that pressure may not 
injure their transparency, which would be the case if placed laterally*, 

12. That these cells are not found in other parts of the capsule. 
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13 • That the fibres of the lens are serrated for the purpose of 
uniting either to other, so as to allow them greater freedom of 
motion without altering their ultimate relations to each other. 

14. That the ciliaiy muscle is very highly endowed with nervous 
matter to supply all these varying requirements. 

15. By the above postulates, all the modern discoveries in the 
microscopical anatomy of the eye receive a distinct expression of 
their individual Unctions, and, by so doing, adapt the organ of 
vision to the acknowledged laws of light. 

** Researches on the Foraminifera." — Part. III. On the Genera 
PeneropUs, Operculina, and Amphiategina. By W. B. Carpenter* 
M.D., F.R.S. &c. 

" Further Researches on the Grey Substance of the Spinal Cord.*' 
By J. Lockhart Clarke, Esq., F.R.S. 

** On some new Ethyle-compounds containing the Alkali-metals.'^ 
By J. A. Wanklyn, Esq. 

The very remarkable composition and properties of that class of 
substances comprehending kakodyle and zinc-ethyle, have justly at- 
tached no ordinary degree of interest to the so*called organo-metallic 
compounds. 

Influenced by that interest, I was led to inquire whether the series 
might not include members into whose composition the alkali-metals 
entered. It was a question whether combination between so power- 
fully electro-positive a body as potassium or sodium on the one 
hand, and a hydrocarbon radical on the other, did not involve 
impossible conditions. It seemed that the answer to this queiy 
would not be valueless as a contribution to the store of facts out of 
which we may hope some day to evoke the conditions of chemical 
combination. 

My researches in this direction have already enabled me to pro- 
duce combinations of ethyle with potassium and sodium ; and I have 
little doubt that I shall be able to produce similar compounds con- 
taining lithium, barium, strontium, calcium, and magnesium. Com- 
binations containing methyle in place of ethyle will also be sought. 
The present paper will be devoted chiefly to the ethyle-compound of 
sodium. 

Sodium-ethyle* 

Experiments made with a view to the formation of this body by 
reactions similar to that by which zinc-ethyle is produced, yielded 
negative results ; but some months ago I made the observation that 
potassium and sodium decomposed zinc-ethyle, and I found the action 
to consist in the replacement of a portion of the zinc by the metal 
employed. 

Sodium-ethyle was prepared as follows : — A tube of soft glass was 
closed at one end and filled with coal-gas. In it was then placed a 
single clean piece of sodium ; its open extremity was then closed 
with the finger, and whilst still filled with coal-gas, the tube was 
contracted about the middle, drawn out and bent twice at right 
angles ; pure zinc-ethyle, in quantity about ten times the weight of 
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tbe Bodiam, was next introduced, and the tube hetmeficaHy sealed. 
So prepared, the apparatus was afterwards placed in eold water, and 
left thetein for several days, being cautiously shaken up at intervals. 
. During this time the. following changes were noted in the contents 
of the tube. The sodium became coated with zinc, and gradually . 
disappeared, whilst the total volume of the soUd and liauid contents 
diminiished considerably. The hquid became also viscid, and some^ 
ttmea separated into two portions non-miscible with each other, be* 
coming, nowever, homogeneous as the operation advanced^ There 
was no evolution of ^as. 

After the lapse of some days the apparatus was found to contain 
liietallic zinc and a dear colottrless Kquid. The former was weighed 
and found to correspond to the sodium dissolved, one equivalent of 
ziiic being precipitated for each equivalent of sodium dissolved. 

The clear liquid was made the subject of special examination. It 
(insisted of zinc^ethyle holding in solution a crystalline compound 
containing sodium, zinc, and ethyle. It was inflammable to the last 
degree, burning explosively, on expc^sure to the air, with a yellow 
flame, and leaving a very alkaline residue. Owing to its extreme 
tendency to become oxidized, its manipulation presented great difli- 
culties. It was requisite to decant it into bulbs filled with dry hy« 
drogen or coal-gas ; and since heat produced partial decomposition, 
the bulbs had to be double, so that the heated bidb mi^t not receive 
the Uquid. 

The clear Uquid deposited large quantities of beautiful crystals 
when cooled to zero ; and when gently warmed in a stream of dry 
hydrogen gas, so long as zinc-ethyle came off it yielded also a mass 
of crystals. Some crystals Were prepared in the latter manner ; they 
fused at about 27° C, but once fused they remained fluid at several 
degrees below that point. Numerous analytidd determinations; 
prove that these crystals contain two equivalents of zinc for every 
equivalent of sodium, and that their formula is 

Na 1 ^JZn 

The reaction by which they are produced may be thus expressed t 

- Zn \ ,Na\ Znl , .,/Na 1 „ fZn \ . 
« C.hJ +Na| =Zn} + Hc,H. | ' M C,H / 
For the body Na C^ H^ I propose the name tadium-ethyle, and for 
the crystals that of double compound of ^odium-ethyle with eimc- 
ethyle. 

Many attempts were made to obtain sodium-ethyle free firom zino- 
ethyle, but without success. 

By distillation it was found to be equally impossible either to. 

distil off Q ^ [ from the crystals, or to distil off all ^ ^ I so as 

to leave pure p o \ behind. When the crystals are moderately 

heated in a bulb, a singular phenomenon occurs. Gas is evolved, and 
there remains bdbmd m^kaUus. sodium, also ^metallic zmc>.but i|o car^ 
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bpaaceoos residiier This reduction of a sodiUm-eotdpoiiiid. by heat 
aione IB an; anomaly in. chemifitrj. 

. "Wlien: the crystals. are heated in the water-bath with potassium, 
a sudden evolution of gas occurs, an4 there results metallic ^c, with . 
a liquid alloy of potassium and sodium — a result likewise peculiar. 

When the crystals are heated in the water^bath with excess of 
sodium, eyolution of gas hkewise takes place. . 

From these experimeHts it would seem that the conjoined zinc- 
elhyle is necessary to the existence of sodium-ethyle ; or more pre- 
cisely, that some adjunct of a less positive nature than sodium-ethyle 
is requisite to make the existence of the latter possible. 

Passing on to the other reactions of the crystals* 2{ZnC4H5) \ . 

[ NaC.H, I; 

"With water there is given pure hydride of ethyle,.andhydrated oxides 
of 'zinc and sodium.' The reaction takes place with great evoluti6n 
of heat. 

With carbonic acid there is given propionate of 6oda, which unites 
with zinc-ethyle forming a double compound, decomposed on the 
addition of water. To the acbouht of this reaction, published else^ 
where, I have to add that it takes place without evolution of ethyle 
or any other gas — a result which further confirms the formula of 
sodium-ethyle adopted in this paper. 

With carbonic oxide there is also a reaction, which is in course of 
examination. 

Cyanogen gas is instantly absorbed, with the formation of a brown 
solution. 

With ether there, seems to be no reaction. For the rest, with 
oxygen, iodine, &c., I should predict reactions quite analogous to 
those of zinc-ethyle, but have not specially examined the point. 

FotasHum-ethyle* 

Zinc-ethyle and potassium react still more readily than the former 
body and sodium. So far as at present ascertained, the cases greatly 
resemble one another. Just as with sodium, I obtain crystals readily- 
soluble in zinc-ethyle, which contain in this case abundance oi 
potassium. 

Seemg that the Mnd of reaction brought under notice in this 
paper is apparently unique, it is necessary to offer a few observations 
upon it. 

„ Zn \ .Nal _2 Na \ Za 

The reaction here formulated may be regarded as an electrolytio 
decomposition — as an ordinary case of precipitation of one metal by 
a more electro-positive metal. Here ethyle is the electro-negative, 
and zinc the electro-positive member: sodium is more electro-posi«* 
tive than zinc, and accordingly sodium displaces zinc. 

Following out -the .hypQthewh--where the organp^etallic body 
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contains a metal less eleotro-poritiye than the hydrocarbon radical, 
I should expect that the hydrocarbon radical wonld be eliminated 
by the action of sodium. Kakodyle, for instance, should give methyle 
and arsenide of sodium. 






A case in point u afforded by the reaction of the alkali-metalg 
with amoMMiia. 

Of the same kind is the reaction of zinc-ethyle upon ammonia*. 

To develope the hypothesis still further : just as the positiTe side 
admits of displacement by a more electro-positive radical, so should 
the negative side admit of displacement by a more electro-negative 
body. 

The ordinary reactions of zinc-ethyle may be looked upon as illus- 
trating this prc^KHUtion, and can be ^nriiten so as to exhibit a double 
displacement. 

Zn, C,H5+II=ZnI-|-C,H.I 

also ZnC^Hj + 00=ZnO+ C^H.O 

Inspection ivill show in all these cases, that an electro-positive 
radical displaces a less electro-positive radical ; and an electro-nega- 
tive radical displaces a less electro-negative one. 

In accordance with the theory would be the displacement in 
sodium-ethyle of the ethyle by mercury, or by copper, &c., plati- 
num, &c. 

Na, C4H5 , Cn_NaCn . C^H, 
Na C,H,'^Cn""NaCn'^C^H, 

Also a like displacement by arsenic or by nitrogen would be ac- 
cording to theory. 

Pushing the hypothesis to its furthest limits, I should say that 
sodium-ethyle is only in equilibrium with bodies whose respective 
electrical sides lie either both of them within, or both of them with- 
out the space lying between the electro-positive sodium and the 
electro-negative ethyle. 

;* See ArankUmd's paper, Trans. Bognl Soct 1857. 
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[Continued from p. 150.] 
February 2nd, 1859.— Prof. J. Phillips^ Preiidenfe, in the Chair, 
llie following communication was read :— • 
" On the mode of formation of Volcanic Cones and Craters.'* 
By G. Poulett Scrope, Esq., M.P., F.R.S., F.G.S. 

The author commenced by saying that he should not have referred 
again to this subject, already briefly treated by him in a paper read 
to the Society in April 1856, had it not been that Baron Humboldt, 
in the recently published fourth volume of his ' Kosmos,' applies 
the whole weight of his great authority to the support of the theory 
of upheaval in contradistinction to eruption as the vera causa of 
volcanic cones and craters, — a theory which the author, with Sir 
Charles Lyell, M. Constant Provost, and many others, believes to 
be not merely erroneous, but destructive of all clearness of appre- 
hension as to the character of the subterranean forces, and the part 
which volcanic action has played in the structural arrangement of 
the earth's surface. 

He showed, by reference to the works of Spallanzani, Dolomieu, 
Breislak, &c., that the early observers of volcanic rocks and phe- 
nomena, together with the unscientific world, looked upon volcanic 
cones and craters, whether large or small, as the result of volcanic 
eruptions ; but that of late years a new doctrine had been propa* 
gated by MM. Humboldt, von Buch, Elie de Beaumont, and 
Dufr^noy, which denies altogether that volcanic mountains have been 
formed by the accumulation of erupted matters, and attributes them 
solely to a sudden "bubble-shaped swelling-up" of pre-existmg 
horizontal strata, — the bubble sometimes bursting at top and then 
leaving its broken sides tilted up around a hollow (elevation-crater). 
The author expressed his belief that this notion originated in 
Baron Humboldt's account of the eruption of Jorullo in 1759, in 
which (as the author showed in his work on volcanos of 1825) a 
great error had been committed, — ^the convexity of the Malpais and 
its five hills being simply a bulky bed of lava poured out on a flat 
plain from Ave ordinary cones of eruption, and the ** homitos" com- 
mon " fumaroles " coated over with black mud produced from 
^ showers of volcanic ashes mixed with rain-water. But the idea of 
a '^ bladder-like swelling-up " of horizontal strata into volcanic hills 
being thus started by M. von Humboldt, it was further extended by 
M. von Buch ; and hence arose the ** elevation-crater" theory. 

The author next proceeded to show the inconsistencies of the 
advocates of this theory, w^ho disagree among themselves as to the 
extent to which they apply it, — MM. Humboldt, von Buch, and 
Du£r6noy asserting both Somma and Vesuvius, the Peak of Tene- 
rifie, and all Etna, to be solely due to sudden upheaval, while M. 
de Beaumont declares Vesuvius, the Peak, and the upper cone of 
Etna to be the products of eruption only. Again, while, except M. 
Dufr^noy, ail admit the minor cones and craters of Etna, Vesuvius, 
Lanzarote, and Central France to be eruptive, all declare the similar 
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cones and craters of th^^PhlegrsBan fields :to be due only toupheayal. 
They offer no reliable ^test by which upheaved can be disthiguished 
from eruptiye cones ; ^or, when they attempt this, differ again from 
one ahotnfer»'and even from themselves. Thnu, von Bucfa eonsiders 
the extreme regularity of the^ slopes of Etna a^ proof of its upheaval. 
'M ^ de BettumoBt asseerts regularity of outline to be the distinguish- 
ing feature of an eruptive cone, and yet declares the upper and the 
"low^ portidns of Etna, which are its least symmetrical parts, to be 
of eruptive origin, and the intermediate cone, the' slope of which is 
.extremely regular; to have been upheaved ! In respect to the tuff- 
eones and craters^ of the Phlegraean fields, the series from Somma to 
the Monte Nuovo is so evidently of similar character, that, to avoid 
' classing the first as an eruption-cone, the iipheavalists have heea 
driven to deny that the Monte Nuovo itself was the product of erup- 
<tion, and even to assert that it existed in the Roman era, and was 
.only sprinkled with a few ashes by the eruption which, from all 
contemporary authorities, threw it up in two days of the year 1538 ! 
The author describes the circular anticlinal dip of the strata of the 
Monte Nuovo and other tuff-cones of the Campi Phlegrsei as utterly 
.inexpUcKble upon the theory of upheaval, while it is the natural re* 
.suit of the lall and accumulation of fragmentary materials projected 
-upwards by eruptions. 

He then disputes the truth of M. de Beaumont's dogma, that lava 

. cannot coiusolidate into a solid bed upon a slope exceeding 5^ or 6^ 

: aj2d shows, firom numberless instances in Auvergne and the Viva- 

rais> on Etna, Vesuvius, Teneriffe, &c., that bulky beds of lava have 

< congealed on steep slopes, — in some cases, as for example in that of 

Jorullo itself, . in the form of a massive promontory projecting for 

.from the side of the cone from the crater of which it issued; in 

. others, when liquidity was at the minimum, in that of a dome or 

. bell (Bourbon, Puy de Dome, &c.). In regard to Etna, he leaves 

r M. de Beaumont's misrepresentations of fact to be dealt with by Sir 

C. Lyell, only remarking that, on M. de Beaumont's own showing, 

the portion of Etna which he supposes to have been upheaved, is 

: poskively- 'encrusted with a coating of lavas." 

The inapplicability of the elevation-theory to the Cantal, Mt. 
: Dore, and Mezenc in France is then shown, inasmuch as, by M. de 
Beaumont's own admission, the angle of slope of their basaltic and 
trachyric beds is even less than that of the recent and acknowledged 
lava-flows in the same district. Finally, he asks what has become of 
the products of the repeated eruptions of volcanos, if they have not 
accumulated in the course of ages into the mountains which we find 
tliere, composed of irregular alternating beds of lava and conglo- 
merate just such as we see to be erupted from the central orifices? 
The author next shows that the upheavaHsts have no correct idea 
. of the mode of formation of craters, which are not formed, as they 
; assert, a,t one blow, by a single explosion, like the bursting of a bub' 
. ble, or oif a mine of gunpowder, but by the repetition of explosions 
or flashings of steam from the surface of ebullient lava within the 
vpkaaic v^t (like those of a colossal Perkins's steam-mortar), con* 
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' tmiiai fot weeks and mo^tha, or more« by wEich the moimtidh is 

. often ultimately eviscerated, ita summit and heart bein^ blcmn inix) 
the air, .and scattered in fragments or ashes around — not foundering 

. into the cavity and remaining there as they represent. He instances 
the great crater of Vesuvius formed under his eyes in 1822 by explo- 

.sioDB lasting twenty days ; and judging from the quantity of frag- 
mentary matter then ejected and falling around, comparing it with the 
&r greater quantities thrown up occasionally by eruptive paroxysms 
in other quarters of the globe, he asserts his belief that in the latter 
cases craters may be, and are, formed, of several miles in diaijaeter, 
nothing remaining of the whole mountain except the wreck of its 
base, as we see in Santorini, the Cirque of Teneriffe, and so many 
other circular cliff-ranges surrounding extinct or active volcanic 
vents. He expresses his astonishment that von Buch and Humboldt 
should have supposed Vesuvius to have " sprung up like a bubble 
in one day, just as we now see it," in the year 79 a.d., and not to ha^e 
increased since ; and shows that even within the last hundred years 
great changes have taken place iii the form of that mountain, and 
that the relation of Pliny of the phenomena witnessed by him is i«- 
consistent with the idea of upheaval, and demonstrative of the 
occurrence of an eruptive paroxysm by which the upper part of 
Somma was blown by degrees into the air, and the crater of the 
Atrio formed, in which the subsequent eruptions of eighteen cem- 
turies have raised up the cone of Vesuvius. 

In recapitulation, the author declares that the characters of aU 
volcanic mountains and rocks are simply and naturally to be ac- 
counted for by their eruptive origin, the lavas and fragmentary matters 
accumulating round the vent in forms determined in great degree by 
the more or less imperfect fluidity of the former, which, as in the 
case of some trachytic lavas, glassy or spongy, may and do congeal 
in domes or bulky masses immediately over, or in thick beds near 

» the vent, or, as in that of some basaltic lavas, may flow over very 
moderate declivities, to great distances ; and consequently that the 
upheaval- or elevation-crater-theory is a gratuitous assumption, un- 
supported by direct observation and contrary to the evidence of facts. 
He concludes by representing its continued acceptance to be dis- 
creditable to science, and toi impedimei^t to the progress of sound 
geology, inasmuch ad false idea^ of the' bubble-like inflation, at one 
stroke, of such mouwtains as Etna* or Cbimborazo must seriously 
afiect all our speculations' on* Geological Dynamics, and on the 
nature of the subterranean forces by which other mountain-ranges 
or continents are formed. 

XXXV. Intelligence and Miscellaneous Articles. 

ON THE CONSTITUTION OF TITANIFEaOUS IRON ORES. 
BT PROF. RAMMEL8BERO. 

RAMMELSBERG has published an elaborate investigation of 
the titaniferous iron ores, the principal results of which are as 
follows :— 

1. Hie greater number of the titaniferous iron (we8» am(aig them 
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ibll the crjrstailized foims, oonsiet of 1 equiv. of titanic acid and 
I eqmv. of protoxide of iron (protoxide of manganese or ma^esia). 

2. Magnesia is an essential constituent of all these ores. In the 
crystallized mineral fromLayton, the niagnesia amounts to 14 percent. 

3. According to Mosander's theory, the titaniferous iron ores are 
either simply titanates of protoxide of iron, FeO, Ti O^, with isomor- 
phous admixtures of titanate of magnesia, or mixtures of such vnA. 
sesquioxide of iron, for the most part in simple proportions. 

4. The theory of H. Rose, that these ores consist of isomorphous 
sesquioxides of titanium and iron, would require the assumption of 
a sesquioxide of magnesium. 

5. The author prefers Mosander's theory for the present state of 
our knowledge. 

6. Iniserine,wefindgrainsconsistingofFeO,Ti02and3Fe«03,TiO«. 

7. No titaniferous iron crystallizing in regular octahedrons is 
known. The dense masses or octahedral grains which contain tita* 
nium appear to be mixtures. 

8. Tlie crystallized magnetic iron ores contain no titanium ; they 
consist of one atom of protoxide and one atom of sesquioxide. 

9. All the Elba iron ore does not contain titanium ; but all, like 
that from Vesuvius, contains magnesia and protoxide of iron. 

10. The strongly magnetic octahedrons from Vesuvius, hitherto 
- 45onsidered as a specular iron, which are accompanied by rhombohe- 

drons of specular iron, contain in part large quantities of magnesia^ 
and in part protoxide of iron. They consist either of magnetic iron 
which has been partially converted into sesquioxide of iron, as well 
as of the isomorphous combination MgO FeO^ ; or, as is more pro* 
bable, the two protoxides are isomorphous with sesquioxide of iron» 
which is itself dimorphous. — ^Poggendorff's AnnaIen,\ol. civ. p. 497. 

ON OUATACANITE^ A NEW MINEBAL SPECIES FROM CHILI. 

BY FREDERICK FIELD*. • 

I send you a specimen of a mineral from the Cordilleras of Chili, 
which appears to me highly interesting. It consists entirely of cop- 
per, arsenic, and sulphur, having the following composition — 

Copper. 48*50 

Sulphur 31-82 

Arsenic •..,. 19*14 

Iron, silver • . . traces 

99*46 
—and consequently has the following formula, 3Cu*S-f-AsS*, and 
may be considered as a tribasic sulpharseniate of copper, like the 
artificial tribasic sulpharseniate of potassium, in which that metal is 
replaced by Cu*. Hardness, 3*5 to 4. Spec. grav. 439. 

You will see it resembles Tennantite, in which the arsenic takes 
the place of the iron, — a specimen of Tennantite having the follow- 
ing value: Cu, 48*2; As, 12*5 ; Fe. 9*0; S, 31*14. I have pro- 
posed the name Guayacanite for this new species, as the mineral 
was first brought to the laige copper-smelting works of Guayacana. 
:'*' iVomaLetter toProf.Dana in Siiliman's American JounialforJan.*I859. 
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XXXVI. Investiffations on the Thermal Effects of the Solar 
Spectrum. By Dr. J. Mullee*. 

Introduction. 

AFTER the extension of the solar spectrum beyond the violet 
had become more fully recognized by means of fluorescence 
and photography^ additional interest was attached to the exten* 
sion of the spectrum in the opposite direction^ that is^ to the 
part which stretches beyond the red of the visible spectrum^ and 
which can only be recognized by its thermal effects. 

B. Franz (see Foggendorff's Annalen, vol. ci. p. 59) has lately 
published a summary of all the investigations which have been 
hitherto performed upon the thermal rays in the solar spectrum. 
It is therefore quite unnecessary for me to refer to the literature 
of the subject. 

The researches of Melloni formed a new epoch in the doctrine 
of radiant heat. Numerous as were the discoveries which resulted 
from the application of the thermo-battery^ and the introduction 
of the multiplier as thermoscope^ nevertheless our acquaintance 
with the thermal relations of the solar spectrum was not greatly 
advanced^ although Melloni had, in rock-salt, discovered a body 
which admitted the passage of all heat-rays alike. 

Melloni's experiments on the warmth of the solar spectrum 
were almost exclusively confined to the determination of the 
position of the thermal maximum. In experimenting with a 
prism of rock-salt, he found that the maximum heating effect 
occurred at a point as far beyond the red boundary of the spec- 
trum as the latter is distant from the point of transition of the 

* Translated by Dr. F. Guthrie, from Poggendorff's Annalen, vol. cv. 
p. 337. 

Phil. Mag. S. 4. Vol. 17. No. 114. April 1859. R 
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green into blue (Fogg. Ann. vol. xxxv. p. 307). Bat neither in 
this nor in a subsequent paper are the numerical data furnished 
by the author. We find stated neither the magnitude of the 
deflections of his thermo-multiplier^ nor the width of the spectra 
upon which he experimented. In shorty in Melloni's memoir 
there are no fixed data whatever from which the curve of thermal 
intensity in the solar spectrum might be constructed. 

At first Melloni regarded the rays of heat and light as essen- 
tially difierent; subsequently he pronounced his opinion distinctly 
as to their being completely identical. 

The latter opinion^ that rays of light and heat of the same 
refrangibility are absolutely identical, is also advocated by 
Masson and Jamin {Comptes Rendus, vol. xxxL p. 14), who 
state that they found that all rays of heat within the visible 
spectrum are equally well transmitted by rock-salt, rock-crystal, 
alum, glass, water, &c., and that the unequal diathermancy of 
these substances wholly depends upon their possessing a differ- 
ent absorbent power for those dark rays of heat which are less 
broken than the red. There is probably no doubt as to the cor- 
rectness of this result; still the above-mentioned physicists 
should not have withheld the experiments which they consider 
to have justified them in coming to this conclusion; for the 
mere enunciation of the result obtained, without the adduction 
of experimental evidence, can have little scientific value. If 
Masson and Jamin had published the observations which led 
them to the above conclusions, we should doubtless have been 
thereby provided with ample material to construct the curve of 
thermal intensity, at least within the visible spectrum. 

To R. Franz belongs the merit of having been the first to 
publish data as to the amount of heat at different parts of the 
spectrum, the measurements being performed by means of the 
thermo-battery and the multiplier*. 

Although every physicist who has made the thermal effects 
of the solar spectrum the subject of experimental investigation 
must have observed that, in a spectrum which is pure enough to 
show Fraunhofer's lines, the thermal effects are too small to 
admit of anything like exact measurement, yet Franz was the 
first to state this distinctly. 

The experiments of Franz were performed with a flint-glass 
prism. The solar rays reflected from a metallic mirror entered 
the dark room through a slit of 4 millims. breadth* 32 millims* 
behind the first slit a second, 2 millims. in breadth, was placed, 
the prism being adjusted close behind the second slit. 

At a distance of 17 centims. from the prism, the breadth of 

* R. Franz, ''UnterauchungeniiberdieDiatheTmaiiiie eimgor gdTarbten 
Flussigkeiten'' (Pogg. Ann, vol. ci. p. 46). 
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the visible spectrum was about 18 millims. If we imagine the 
space bordering upon the red end of the spectrum to be divided 
into strips or zones of 3 millims. in width, then the first, 
second, third, &c. of these divisions is called by Franz the first, 
second, third, &c. dark zone. Franz found the following values 
for the thermal effects in the several divisions of the visible 
spectrum and in the dark zones : — 



Fifth dark 


zone 


0-83 


Red . 


15-11 


Fourth 


}} 


3-01 


YeUow. 


. 10-78 


Third 


}> 


611 


Green . . 


6-39 


Second 


i9 


8-77 


Blue . 


3-61 


First 


}f 


11-87 


Indigo. 
Violet . 


1-95 
0-85 



The numbers are not the immediate values of the observed 
deflections of the multiplier, but are obtained by multiplying 
the mean value of the best observations by a constant factor, 
the numerical value of which is not given. It is much to be 
deplored that Franz did not give, at least in part, the direct de* 
flections he observed ; for it is from these alone that a measure 
can be obtained for tixe degree of accuracy of his results. 

In consequence of glass absorbing a considerable quantity of 
dark thermal rays, a curve of thermal intensity constructed from 
the above numbers by no means represents the distribution of 
heat in a perfect thermal spectrum ; knowledge of the latter can 
only be obtained by means of a prisih of rock-salt. 

Matters stood essentially in this position when I commenced 
my experiments upon the thermal effects of the solar spectrum : 
the results I have obtained furnish the material for the following 
pages. 

Apparatus, ^c, employed in the eupperments upon the thermal 
spectrum. 

Before proceeding to the separate series of experiments, it will 
be necessary to describe the apparatus I employed in performing 
them, and the manner in which the apparatus was arranged. 

The thermo-battery was erected in a dark room arranged for 
experiments with solar rays. 

Amongst the several multipliers at my disposal, one which I 
had myself constructed several years ago, in order to repeat Du 
Bois Beymond's experiments on the current in muscles, gave in 
combination with a thermo-battery of forty bismuth-antimony 
pairs, by far the largest deflections. 

This multiplier consists of 3700 convolutions, which are, how- 
ever, wound in four separate parcels : each parcel terminates in 
two screw-clamps, so that the four parcels may be employed 

B2 
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either successively (in position) or side by side. The latter 
arrangement was foand to cause a 'deflection more than twice as 
great as that caused by the former for equal radiations upon the 
thermo-battery. Hence in the following experiments the latter 
(side by side) arrangement was always adopted. Such a com- 
bination represents in reality a parcel of 925 convolutions of 
wire four times as thick as the single wire (0*3 millim. diameter). 
This multiplier was placed upon a bracket near the window of a 
neighbouring room. The current was conveyed from the thermo- 
battery to the multiplier and back through a 1 millim. thick 
copper wire covered with spun wool. 

Before performing the separate series of experiments, this 
multiplier was graduated according to Melloni's method. Call- 
ing the strength of the current 1 which causes a deflection of 1^ 
in the instrument, it was found that the deflection remained 
proportional to the strength of the current up to 20° ; beyond 
this point, however, the following corresponding relations were 
found to exist between the deflection and the strength of the 
current. 



Deflection. 


Strength of current. 


Difference of the strength of current 




for6<». 


for 1«. 
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6 

8 
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17 

23 

^0 

40 

61 

100 

187 


1-2 
16 
2-4 
3-4 
4-6 
60 
8-0 

12 

20 

37 



In the experiments upon the thermal rays which are trans- 
mitted through coloured liquids, I made use of the thermo- 
battery already mentioned^ consisting of forty bismuth-antimony 
•ouples. I am unable to give the origin of this battery, it 
having been in the Freiburg Physical Cabinet for a long time. 
For the experiments concerning the distribution of heat in the 
spectrum itself, I employed a lineal thermo-battery of fifteen 
couples especially procured for this purpose*. Masson and 
Jamin made use of a thermo-battery of exactly the same con- 
struction in their experiments on the heat of the solar spec- 
trum. 



* Procured from Lerebours et Secretan, Paris. 
No. 765. p. 93. 



See their Catalogue, 
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In order that the reader may be enabled to compare the action 
of my instrument with that of others, I may here describe some 
experiments performed with this aim in view. 

The flame (3 inches in height) of a Bunsen gas-jet, without 
the employment of a reflector, at a distance of 3 decimetres 
caused a deflection of 32° when radiating upon the quadratic 
thermo-battery, and a deflection of 1 1° when shining upon the 
lineal one — these deflections being shown by the multiplier before 
described. 

A blackened copper-plate*, heated by a spirit-lamp at a di- 
stance of 2*5 decimetres, caused the multiplier to show deflections 
of 43*^ and 14° when radiating upon the quadratic and lineal 
thermo-batteries respectively. The solar rays with which I ex- 
perimented were reflected into the darkened room, through a 
hole in the shutter of the winflow, from the metallic mirror of 
one of Silbermann's heliostats, which was set up outside. 

Concerning the exactness of the following experiments, I have 
only further to add a few remarks. 

The scale of the multiplier is only divided into intervals of 
five degrees; so that the readings off are only exact to ^ a de- 
gree at furthest. A greater exactness in the reading off would, 
moreover, be wholly unreal; for, in the first place, the position 
of the needle of the multiplier was never a very definite one, 
after the source of radiant heat was removed, the variations 
being about ^ a degree; secondly, the placing of the lineal 
thermo-battery in the spectrum was not capable of the same 
degi'ce of accuracy as the reading off of the multiplier, because 
the spectrum was not pure enough to show Fraunhofer^s lines. 

It seems at present in vain to think of showing the existence 
of cold bands in the spectrum corresponding to Fraunhofer^s 
dark lines ; indeed, our knowledge of the thermal properties of 
the spectrum is still far behind that of its optical ones in respect 
to accuracy. 

In the following pages the results of the observations are so 
given that the reader may judge of the limits of the errors of 
observation. I have in all cases avoided giving the results the 
appearance of an accuracy which they neither do, nor as yet . 
probably can, possess. 

Experiments on the thermal rays transmitted by coloured liquids* 

When I first decided upon experimenting on the distribution 
of heat in the solar spectrum, I was not in possession of a lineal 
thermo-battery. I imagined it possible to dispense with one, 
and to arrive at the conclusions sought by endeavouring to de- 
termine the action of the thermal rays which had passed through 
* See my * Physics/ vol. ii. p. 614. 5th ed. 
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coloured liquids. By determining^ then, what portion of the 
visible spectrum is transmitted by the liquid under examination, 
I hoped to estimate the thermal action corresponding to this 
portion. It is, however, of course assumed here as completely 
established, that the heat- and light-rays are identical, in the 
sense in which this was supposed to be the case by Masson and 
Jamin. 

The optical examination of the coloured liquids with which I 
proposed experimenting, was effected by throwing, by means of 
a flint-glass prism, a perfect solar spectrum upon a paper screen, 
introducing the liquid to be examined (contained between two 
glass plates 15 millims. apart) immediately before the sUt 
through which the solar rays were admitted, and observing, 
finally, what part of the spectrum remained unextinguished. 

In this manner the following results were obtained : — 

1. A solution of cochineal cdlowed all the red rays, as far as 
the commencement of the orange, to pass through perfectly, so 
that the red of the spectrum was not weakened by the cochmeal 
solution ; but all the remaining colours of the spectrum were 
completely extinguished. 

2. A solution of bichromate of potash allowed red, orange, 
and yellow to pass through almost entirely without absorption, 
together with a trace of green. The entire remainder of the 
spectrum was completely absorbed. 

3. A solution of chloride of copper absorbs the whole of the 
spectrum except the green ; but even the green was found to 
have diminished appreciably in brightness. 

4. A solution of ammonio- sulphate of copper completely 
absorbed the least refrangible portion of the spectrum, while 
blue, indigo, and violet were transmitted without appreciable 
diminution in intensity. 

In order to measure the power of these liquids in absorbing 
thermal rays, I first allowed the solar rays reflected from a 
metallic mirror to enter a dark room through a round orifice of 
1 inch diameter. About 2^ metres from this orifice the quadratic 
thermo-battery was placed, so as to be exactly in the middle of 
the incident pencil of rays. After reading off the corresponding 
deflection of the multiplier, a vessel, of the form described in my 
' Physics' (5th ed., vol.i. p. 506), was placed before the open- 
ing, and being filled, first with water and then with the liquids 
mentioned before, in succession, the deflection caused in the mul- 
tiplier was read off each time. 

It was observed, however, that when the circuit throi:^h the 
thermo-battery was closed by the multiplier, a greater or less 
deflection was effected, even when all radiation upon the thermo- 
battery was prevented as much as possible. In addition, there- 
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fore^ to the deflection shown by the thermo-battery when sub- 
jected to the coloured rays^ that deflection must also be taken 
into account which occurs before and after the experiment when 
the thermo-battery is protected as much as possible from all 
radiation. A series of experiments of this kind will render this 
clear: — 

Free radiation 67 

Without radiation - 10 273 

Pure water 56 140 

Without radiation —10 

Cochineal solution 36 52 

Without radiation —10 

Solution of bichromate of potash . . 48 91 

Without radiation — 8 

Solution of ammonio-sulphate of copper 6 13 

Without radiation — 5 

The ^ deflecting forces'^ given in the last column are easily 
calculated from the previous column of numbers. When the 
solar rays before falling upon the thermo-battery had to pass 
through pure water, the deflection was 56°. Tliis deflection, 
according to the Table (page 236), corresponds with the strength 
of curr^it 130. To this strength of current 10 has still to be 
added. 

After these remarks, which sufficiently explain the process of 
the experiments, it will be sufficient so to arrange the three best 
series of experiments that the thermal effect of the rays which 
have passed through colourless water is denoted by 100. 



Colourless water 
Red solution . 
Yellow solution 
Green solution 
Blue solution . 



I. II. III. 

100 100 100 100 

37 35 38 40 

65 64 70 74 

9 — — 13 

9 9 9 13 



The fact that the sum of the quantities of heat which pass 
through the yellow, the green, and the blue solution (t. e, 
70+94-9=88) is not equal to the amount of heat which passes 
through colourless water, 100, evidently depends upon the ab- 
sorption by each solution of some of the rays of its own colour : 
just as we already know that the green solution does not allow 
the passage of all the green rays of the spectrum. If we divide 
the difference, 100—88=12, in such a manner that 2 are given 
to red, 2 to orange and yellow, 4 to green and 4 to blue, indigo, 
and violet, then numbers expressing the warming power of the 
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separate portions of the spectrum are obtained^ which are shown 
in the fourth column of the foregoing table. 

Accordingly the heating power 
Of all violet, indigo, and blue rays of the spectrum would be 13 

Of all green rays of the spectrum 13 

Of all yelbw and orange rays of the spectrum (74—40; . 34 

Concerning the' heating power of all the red rays of the 
spectrum, we cannot consider the number 40, corresponding to 
the red solution, as expressing this power immediately, because 
we are not justified from our experiments in assuming that the 
red solution allows only red, and not a certain amount of dark 
thermal rays, to pass through. 

A red liquid, which transmits only red rays exclusively of the 
dark thermal rays, is probably as hypothetical as a yellow liquid 
which only allows the yellow and no red rays to pass through. 

According to the experiments of Franz (Pogg. Ann. vol. ci. 
pp. 57, 58), we may assume that from 43 to 50 per cent, of all 
rays passing through the red solution are dark thermal rays. 
Hence, for the thermal power of all the red rays of the solar 
spectrum, we should have left the value 20 to 30. 

From these experiments, it follows that the thermal power of 
the less refrangible rays of the solar spectrum, namely the red, 
orange, and yellow, is much greater than that of the green, blue, 
indigo, and violet. The numerical values given above, taken in 
conjunction with the extension of the separate colours in the 
spectrum, would lead to the construction of a curve of the inten- 
sity of the thermal force in the solar spectrum. We may, how- 
ever, put this on one side ; for the results obtained could not fail 
to be less exact than the one derived from a direct examination 
of the solar spectrum in its thermal relations. 

Experiments on the distribution of heat in the spectra of a glass 
and of a rock-salt prism. 
After completing the series of experiments described above, I 
proceeded to direct experiments on the distribution of beat in the 
solar spectrum, having obtained a lineal thermo-battery. A 
solar spectrum in which none of the thermal rays are absorbed 
can only be obtained, as is well known, by means of a prism of 
rock-salt. Before employing such a one, which I had got from 
J. V. Albert Sohn in Frankfort, I thought it well to expeiiment 
at first with a glass prism, in order to find out the best arrange- 
ment of the experiments, and to acquire th^ necessary practice in 
performing them, before removing the rock-salt prism from the 
glass case in which it was cemented. 

After some preliminary experiments, the following arrange- 
ment of the apparatus was adopted : — 
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The rays reflected from the metallic mirror of a heliostat 
entered the dark room through a slit 3 millims. in width. About 
3 inches from the slit^ a crown-glass prism was so placed that the 
transmitted rays underwent about the minimum deflection. A 
piece of tinfoil was glued upon the anterior face (that nearest 
the light) of this prism ; by removing a strip of this foil 3 millims. 
in width, a second slit was produced immediately before the 
prism. Of course the prism was properly cleaned from glue at 
the part whence the tinfoil had been removed. 

llie lineal thermo-battery was placed at such a distance from 
the prism^ that the visible spectrum had at that place a width of 
18 millims. ; this is the same spectral width as in Franz's ex- 
periments. The thermo-battery was fastened upon the brass rail 
of Melloni's apparatus^ which stood at right angles to the pencil 
of rays emergent from the prism. The rail^ upon which the 
thermo-battery could be easily moved and fixed^ was divided into 
Paris lines. 

A commutator was introduced in the connexion between the 
thermo-battery and the multiplier^ and the latter was read off 
before, during, and after the thermo-battery was subjected to the 
radiation of any especial family of rays from the prism. 

An example may render this course of observation more clear. 

The thermo-battery was brought into the red of the spectrum ; 
the solar rays which penetrated through the first slit were then 
received upon a pasteboard screen ; that is, the thermo-battery 
was protected from radiation. On closing the commutator^ the 
needle of the multiplier stood at 

4-3°-5. 
The screen protecting the prism was now withdrawn, so that the 
thermo-battery received red rays ; the needle of the multiplier 
stood at 

-7°. 
On again intercepting the incident rays, so that the thermo- 
battery was again protected from radiation, the needle of the 
multiplier stood again at 

+ 3°-5. 

Now the conclusion hence to be drawn is, that the radiation 
of the red rays upon the thermo-battery had in this instance 
effected a deflection of 10°*5. 

The commutator was now reversed, and the observation re- 
peated in the same manner : it was now found that the radiation 
of the red rays on the thermo-battery caused a deflection of 9°'5. 
The mean value, therefore, of the thermal action produced by 
the incidence of the red rays upon the thermo-battery, corre- 
sponds to a deflection of 10° of the needle of the multiplier. 
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In the following Table the mean values are given^ for the 
values estimated in the above manner^ of the thermal effects in 
the different portions of the spectrum : — 

o 

Boundary of indigo and violet ... 2 

Middle of the blue 4 

Middle of the yellow 7 

Middle of the red 10 

1'" beyond the red boundary .... 12 

2'" „ « .... 11 

4f" „ „ .... 7 

6"' „ „ .... 2 

According to these observations^ therefore^ the maximum tem- 
perature of the spectrum from crown-glass lies beyond the 
boundary of the red^ while Franz found this maximum for his 
flint-glass prism to lie in the red itsdf. This difference^ how- 
ever, may be readily explained. The path which the rays had to 
traverse in the interior of Franzes prism was about 18 millims., 
while I had so adjusted the slit in the tinfoil coating that the 
path traversed by the rays in the glass was only 10 millims. 
Inasmuch now as the glass acts as an absorbent for the thermal 
rays, the thermal maximum must clearly undergo a displacement 
towards the red when the thickness of the glass to be passed 
throu^ increases. 

The curve of 
thermalintensity, 
Ea&S(fig.l), for 
the spectrum of a 
glass prism is con- 
structed accord- 
ing to the above 
numerical data. 
We see in this 
figure that the 
thermal elongation of the spectrum beyond the red occupies a 
space almost as long as the whole of the visible spectrum. (The 
latter is marked by a bracket in the figure.) In the visible por- 
tion of the spectrum, the positions of the more important Fraun- 
hofer^s lines are marked for perspicuity. 

According to the observations of Franz, the dark portion of 
the thermal spectrum is nearly the same length as I have observed 
it to be ; indeed, our observations in general either agree per- 
fectly with one another, or differ only to an immaterid extent. 
I considered it, therefore, unnecessary to institute a second 
series of experiments with the glass prism, and proceeded to 
employ the one of rock-salt. 
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This prism was an equilateral one^ each side being 86 millims. 
long. The prism from end to end was 44 millims. As it was 
impossible to stick tinfoil upon this prism without injuring the 
incident surface^ a sheet of brass was employed instead^ in which 
a slit 3 millims. wide was cut^ and which was placed close before 
the incident surface of the rock-salt prism. 

In the following Table the results of two series of experiments 
are given^ each series having been performed in exactly the same 
manner as that described in speaking of the glass prism. 

I II. 

o o 

Violet end .... 0*5 

In the blue .... 30 2-0 

In the yellow ... 5*5 4*8 

In the red ... . 7*3 6-0 

1'" in the invisible . 9-7 8-3 

8'" „ . 11-5 9-7 

4'" ,, . 10-5 7-5 

6'" „ . 10 1-2 

Taking the mean of the two numbers in each case, and mul- 
tiplying it by a factor, which gives the product 10 for the red, we 
have,— o 

In the blue 8-7 

In the yellow 7*9 

In the red 100 

1" in the invisible .... 13-2 
8'" „ „ .... 16-9 

4'" „ „ .... 13-2 

6'" „ „ .... 1-7 

The fact that the deflections for the visible portions of the 
spectrum in the case of the rock-salt prism were smaller than 
when the glass prism was employed, is clearly entirely owing to 
the fact that the surfaces of the rock-salt could not be so per- 
fectly ground and polished as those of glass, and, further, to the 
existence of a slight turbidity in one part of the rock-salt prism. 

It is true that these numbers do not quite correspond with 
those for glass, even in the visible portion of the spectrum ; 
nevertheless the discrepancies, which certainly result wholly 
from errors of observation, are not of a kind to justify us in 
calling in question the identity of the curves of thermal intensity 
in the visible portions of the spectra derived from the glass and 
rock-salt prisms. (It is of course impossible here to take into 
account the differences of partial dispersion for glass and rock- 
salt.) Beyond the red boimdary of the visible spectrum, how- 
ever, the two curves of intensity separate widely from one 
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another^ as is seen in fig. 1, p. 242^ in which the curve R a c S 
belongs to the spectrum of the rock-salt prism. 

In this spectrum accordingly^ the thermal maximum lies still 
further from the red than in the spectrum of the glass prism. 
And indeed (agreeably also to Melloni^s results) the distance of 
this maximum from the boundary of the red is about as great as 
that of the transition of the green into blue from the red boun- 
dary of the spectrum. 

The dark thermal extension of the spectrum^ according to 
these experiments, is not greater for rock-salt than for glass. 

As rock-salt allows all kinds of thermal rays to pass through 
equally well, the curve R a c S represents the true distribution of 
heat in a spectrum produced by refraction, and unmodified by 
partial absorption. 

Estimation of the index of refraction, and of the undular length 
of the extreme dark thermal rays of the solar spectrum. 

It has been established by the above experiments, that the 
dark thermal rays contained in the solar spectrum extend far 
beyond the red boundary of the visible spectrum, and that the 
Fraunhofer's line B (for a crown-glass spectrum) lies about mid- 
way between the violet end of the spectrum and its extreme dark 
thermal rays (fig. 1, p. 242). Now, for crown-glass, the index 
of refraction for H is about 1*546, and for B about 1*526 : hence 
it follows that the refractive index of the extreme dark thermal 
rays of the solar spectrum is about 1*506. 

It is clearly impossible to determine the undular length of the 
dark thermal rays of the solar spectrum, by employing the same 
method as that used in finding the undular length of the 
luminous rays of different colours. We must, on the contrary, 
assume the undular lengths of the differently-coloured luminous 
rays as known, and deduce the undular length of the extreme 
dark thermal rays from their indices of refraction, by making use 
of the subsisting relation between index of refraction and un- 
dular length. 

The results of my experiments appear to disagree with Cauchy's 
formula of dispersion, which is said to connect undular length 
and refractive index. I purpose discussing this subject more 
particularly on a subsequent occasion. 

I propose at present to endeavour to establish the connexion 
between undular length and refractive index by means of an 
empirical formula. Let us denote the undular length by w, the 
refractive index by e, we may then put 

W:=a+b €'{•06^ (1) 

If, in this equation, we put in succession three corresponding 
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values for w and e, namely those belonging to the Fraunhofer's 

•ineB, ti;=690, e= 1-526; 

secondly, those belonging to the Fraunhofer's line F, 

w;=485, ^=1-536; 
and finally, those belonging to the Fraunhofer's line H, 

tt;=396, e=l-546 
(multiplying the real value of w with 1000000, in order to 
avoid the decimal places), we obtain three equations, from which 
the following values of a, J, and c are derived : — 
«= 1391460, 
iss -1796460, 
c= 580000. 
Substituting these numbers in equation (1), we get 
M;=1391460-1796460e + 580000e«. . 
From this equation the undular length of the extreme thermal 
rays of the solar spectrum is obtained by substituting for e the 
index of refraction 1*506 : we get then 

tt;=1770; 
or, rather, redividing by 1000000, 

ti;=0-00177. 
The same result may be obtained more easily and clearly in 
a graphic manner. In fig. 2, the Une R S represents the 

Fig. 2. 
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scale as fig. 1^ p. 242u From the points H^ G^ F^ D and B^ 
which correspond to the Fraunhofer's lines occurring at these 
points, perpendiculars are drawn whose lengths are propor- 
tional to the undular lengths. This proportion is such that a 
diflference of 5 millims. in height corresponds to a difference of 
0*0001 millim. in the undular length. The curve a b, drawn 
through the extremities of the perpendiculars H, G, F, D and B, 
represents, then, the law connecting the undular length with the 
refractive index in crown-glass. 

The curve ab is continued beyond b in such a manner that 
the course of the continued portion J c joins in as continuous a 
manner as possible the portion a b which has been derived from 
observations ; in other words, the law, according to which the 
undular length and refractive index are connected in the visible 
portion of the spectrum, is preserved in the graphic continuation 
of the curve into the ultra red dark thermal rays. 

If, now, at S, that is, at the point which corresponds with the 
extreme limits of the dark thermal rays of the solar spectrum, a 
perpendicular be erected, this will cut the curve in a point C, 
whose height above the axis of abscissse E S corresponds to an 
undular length 0*0019 ; that is, the undular length of the extreme 
dark thermal rays of the solar spectrum is 

0-0019 millimetre. 

This value cannot of course be considered as an exact, but only 
as an approximate one, because the extension of any empirical 
law beyond the limits of the observations upon which it is based 
can never lay claim to any great degree of exactitude, whether 
such extension be performed algebraically, or, as in this case, 
graphically. 

The mean of the two values, the one 0*00177, obtained by 
calculation, the other 00019, graphically gives us 

m;=000183 millim. 

for the undular length of the extreme dark rays of the solar 
spectrum. 

The undular length of the extremest fluorescent rays derived 
from sunlight, is, according to Esselbach*, 0*0003 millim. 
The next lower octave to these rays, which are the most refran- 
gible of all, gives the undular length 0*0006 millim., which, as 
is seen from fig. 2, nearly corresponds to the Fraunhofer's band 
D in the orange. 

The second lower octave of the most refrangible rays, with the 
undular length 0*0012 millim., falls in the midst of the dark 
thermal rays of the solar spectrum. The third lower octave, with 

* See my ' Physics,' 6th ed. vol. i. p. 698; also Pogg. Ann. xcviii. p. 513. 
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the undular length 0*0024^ falls beyond the boundary S of the 
solar spectrum^ which corresponds to the least refrangibility. 
AltogetheVy therefore, the solar spectrum contaiiia rather more than 
2|- octaves, that is, rays whose undular length is between 0*0003 
md 0-0018 millimetre. 

Distribution of heat in the diffraction-spectrum. 

It is well known that the distribution of the colours in a 
'' grid^'-spectrum are quite differently arranged from those of a 
prismatic spectrum. It may therefore be predicted that the 
thermal curve of intensity for a grid-spectrum would have quite 
a different form from that given in fig. 1, which is the curve 
for a prismatic spectrum. 

As far as I am aware, Draper was the first who examined 
the heat in a diffraction-spectrum. He experimented upon a 
grid-spectrum obtained by reflexion*. The manner in which 
he conducted his experiments is exceedingly imperfectly de- 
scribed ; nor does he give the slightest account of the magnitude 
of the effects which he obtained by the multiplier. He only 
asserts that he found the maximum heat in the yellow. Al- 
though, as he himself admits, his results are ^' imperfect and 
incomplete/' still a more exact description of his apparatus, the 
arrangement of his experiments and conclusions, would have 
been of interest to physicists. 

If I understand rightly, Draper employs as thermo-battery a 
single thermo-electrical element. If this be so, it is no wonder 
that the thermal effects which he observed were, as he himself 
admits, exceedingly small. Indeed, according to my own expe- 
rience, I can scarcely comprehend how he could observe more 
than traces of such effects. 

Being in possession of an excellent '^ grid,'' similar to that 
with which Eisenlohr experimentedf, and for which I am in- 
debted to the kindness of Professor Schwerd, I commenced ex- 
periments on the radiant heat in the diffraction-spectrum. I 
found, however, although employing a thermo-battery of fifteen 
pairs, that the thermal effects were so small that I relinquished 
the hope of obtaining useful results in this manner ; for ap- 
preciable deflections of the multiplier could only be obtained by 
bringing the thermo-battery so close to the grid that the two 
spectra were so impure that they were completely confounded. 

The small amount of heat in the diffraction-spectrum is 
easily explained. If no lens be employed, not more than 
2 millims. broad of the grid can be used, if anything like pure 

* Phil. Mag. 1857, vol. xiii. p. 163. 
t Pogg. Ann. vol. xcviii. p. 364. 
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spectra are desired. On bringing the lineal thermo-battery 
(rather more than 2 millims. in width) into the place of the grid^ 
the total action of the pencil of rays falling directly upon the 
thermo-battery was a deflection of the multiplier of 30 . If, now, 
the same quantity of rays fall upon a portion of the grid 
2 millims. in thickness, about half of the rays are intercepted by 
the opake portions of the grid ; consequently a total thermal 
action of 15^ remains. This heat, however, is cQstributed among 
a whole series of spectra. If, neglecting the middle image, we 
only suppose there to be seven such spectra, scarcely 2° remain 
for the total thermal action of a single refraction-spectrum, even 
neglecting all other sources of loss. But if the total effect of 
such a spectrum is only 2°, it is impossible to expect noticeable 
thermal effects iu its separate portions. 

Although experimental means for accomplishing this purpose 
are not yet so complete as to admit the derivation of the course 
of the thermal curve in the diffraction-spectrum by means of 
direct experiments, still it is possible to get at the same result 
in an indirect manner. The course of the thermal curve in the 
diffraction-spectrum may be derived from that of the thermal 
curve obtained (in fig. 1, p. 242) for the refraction-spectrum, 
most simply in the following manner : — 

In fig. 2, p. 245, let us imagine perpendiculars drawn to 
the line R S from the points in which the horizontal lines cut 
the curve a be. These perpendiculars will divide the whole 
length of the spectrum into fifteen divisions, each of which corre- 
sponds to a difference of 0*0001 millim. in the undular length ; 
that is to say, passing from left to right, every successive ver- 
tical corresponds to an undular length greater by 0*0001 millim. 
than the preceding one. Fig. 3 represents the curve of thermal 

Fig. 3. 




intensity for the refraction -spectrum, together with these verticals. 

If, now, a diffraction- spectrum, of a width H S, equal to that 

of the refraction-spectrum (fig. 3), has to be divided into fifteen 

parts, each of which corresponds to an increase of 0*0001 millim. 
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in the unctular lengthy then the whole length H S has to be 
divided into fifteen equal parts^ as is done in fig. 4. The corre* 

Fig. 4. 




sponding divisions of the refraction- and defiection-spectra are 
accordingly of unequal width. The same quantity of rays is 
distributed in the one over a greater or less space than in the 
other; whence for corresponding places of the two spectra the 
heating must appear unequal. 

The space from the violet to the boundary of the blue and 
green, between the verticals 0*0004 and 0*0005, occupies a 
width of 22 millims. in the prismatic spectrum (fig. 3, p. 348), 
and only a width of 6 millims. in the grid-spectrum. Hence in 
the grid-spectrum the violet, indigo, and blue rays are compressed 
into -^ of the space which they occupy in the prismatic spec- 
trum. At the place in question, therefore, the intensity of the 
heat must be ^ times as great in the difiraction-spectmm as in 
the refraction-spectrum (fig. 3), and accordingly the ordinate in 
the middle, between the verticals 0*0004 and 0*0005 in fig. 4, 
is made ^ times as great as the height of the ordinate in the 
middle between 00004 and 0*0005 in fig. 3. 

The division between the verticals 0*0005 and 0*0006 (con- 
taining chiefly green and yellow) is 12 millims. broad in fig. 3, 
and 6 millims. in fig. 4, that is, only half as broad in the latter. 
As the ordinate in the middle between 0*0005 and 0*0006 for 
fig. 3 is 16 millims. in height, the corresponding ordinate in 
fig. 4 must be twice as high, that is^ 32 millims., if it is propor- 
tional to the heat which occurs at this point. 

Proceeding in the same manner, points have been determined 
through which the curve of intensity (fig. 4) has been di*awn. 
This has been done by making the middle of each of the divi- 
sions in fig. 4 as much higher or lower than the corresponding 
ordinate in fig. 3, as the breadth of the division in fig. 4 is less 
or greatey than the breadth of the corresponding division in 
fig. 3. . 

Although the curve (fig. 4) cannot lay claim to great accu- 
Phil. Mag. S. 4. Vol. 17. No. 114. April 1859. S 
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n^5 ttill it fepiiBseiits th^ eMtotU di^tHbutfon \si h«at iH tb^ 
diffintction-sptetrUm. Draper's Atserlion. that &« ifiixillidm 
heat falls in the yellow^ is eertamly thereby supported ; but it 
by no means follows thence^ that ^^the diaprwutum of heat corre" 
^onds to the distrUmtion of light /^ as Draper asserts. Draper, 
indeed^ entirely ignores the dark portion of the thermal spec- 
trum^ appearing to imagine that the intensity of heat^ like that 
of lights diminishes equally towards the violet and red bounda- 
ries of the visible spectrum* 

Because^ in the refraction-spectrum^ the curve of luminous 
intensity differs so entirely from the course of the thermal 
curve^ the two curves cannot coincide in the diffiraction-spec- 
trum^ although in the latter the luminous and thermal maxima 
approach one another incomparably more closely than in the 
refraction-spectrum. 

We see from fig. 4, p. 249, that the dark thOTual rajrs in 
the diffraction-spectrum occupy a space which is about 3^ times 
as broad as the whole visible spectrum. In the diffraction image 
formed by a grid*, the dark part of the first thermal spectrum 
extends accordingly on both sides as far as the violet of the 
third light spectrum, that is, from R to V. Uence alm6st the 
whole of the second light spectrum is covered by the dark 
thermal rays of the first spectrum, — a circumstance which, put- 
ting aside other difiBculties, renders it impossible to trace directly 
the curve of intensity of a single diffiraction-spectrum. 



XXXVII. On the Conservation of Enetyp. 
By W. J. MACQtTORN Bankine, C.E,, LL.D., F.R*8. 

To the Editors of the Philosophical Magazine and JoumaL 
Gentlemen, 

THE extract from a recent work of Dr. Faraday, which yoa 
have reprinted in your Magazine for March, has suggested 
to me the following remarks : — 

1. It is certain that no law of ^' conservation^^ is applicable 
to the tendency of a body to change its place^ nor to any mere 
tendency whatsoever. 

2. The quantity whose amount is " conserved ^^ during all the 
mutual actions amongst a system of bodies, is always the product 
of two factors ; and when one of those factors is the magnitude 
of a tendency towards change of a particular kind, the other factor 
is the magnitude of the change throughout which that tendency is 
capable of continuing to act. 

When the magnitude of the tendency is variable, it is of 

'^ See my ' Phyuct,* ed« 5, vol. i. p. 622, fig. 699. 
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course to be undei^tood that th^ mean vulue of tliat magnitude 
is tlie factor to be used in the multiplication; or, what is the 
same thing in other words^ that the irUegml of the tendency with 
reject to the change is the quantity in question. . 

When applied to the mechanics of bodies moving uniformly^ 
the conservation of the quantity now described means neither 
more nor less than the old principle of '^ virtual velocities/' 

3. Inasmuch as the word " force ^' has for a long time been 
used to denote a tendency of a pair of bodies to change of rela- 
tive motion, a kind of magnitude to which no law of conserva- 
tion applies, the use of the phrase ^^ conservation of force ^' gives 
rise to misapprehensions and groundless disputes, by implying a 
different meaning of the word ^^ force; '^ and even although that 
phrase has been sanctioned and widely spread by Mr. Grove's 
celebrated work, it is much to be desired that a phrase should 
be adopted in its stead about which there is no ambiguity, such 
as "conservation of energy/' The only precisely-defined mean- 
ing which has ever been assigned to the word "energy" ii^ 
writings on physical science, is that which has been described in 
Article 2 of this letter. I believe that the first definition of 
'^ energy" in this sense is due to Young (Lectures on Natural 
Philosophy, Lecture VIII.). 

4. Inasmuch as a mass moving with a given velocity must 
have been acted upon during a certain time by a force (in the 
sense of tendency) represented by 

mass X velocity 
time of action * 
and through a distance equal to 

half-velocity x lime of action ; 

and inasmuch the same mass in the course of having its motion 
stopped, is capable of overcoming a resisting force as stated 
above through a distance as stated above, the energy of a moving 
mass is the product of its mass into the half square of its velocity. 

5. In order to distinguish from each other the two forms of 
mechanical energy, as well as other forms of physical eqerg^ 
which are analogous to them, I proposed, in 1853 (Froc. of the 
Phil. Roc. of Glasgow, 1858, and Edinb. Phil. Joum. 1855), to 
distinguish as potential energy that which consists in a tendency 
towards a change capable of continuing tp act throughout a 
given change ; and as actual energy, that which consists in a 
state of change going on, such as the motion of a mass with 
a given velocity. At the time, I supposed those terms to be 
wholly original (as I believe they were, in their application to 
forms of energy other than mechanical) ; but I have since found 
that Carnot^ in his 'essay on the principles of equilibrium and 

S2 
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motion^ proposed & paif of analogous terms in tlie case of me^ 
chanical energy, viz. *' virtual vis viva^^ and " actual tis vita/' 

6. The principle of the conservation of energy may be thu^ 
stated : — In any system of bodies, the sum of the potential and 
actual enei^gies of the bodies is never altered by their mutual 
actions. 

When applied to phsenomena purely mechanical, this is neither 
more nor less than the long-known law of the conservation of 
vis viva. The later discoveries respecting its applications have 
reference to those cases in which the law of the conservation of 
vis viva fails, and in which the increase or diminution of energy 
in the mechanical forms is compensated for by the diminution 
or increase of energy in other forms ; such as energy of heat, 
which is the product of weight x temperature x specific heat 
X Joule's equivalent ; energy of electric current, which is pro- 
portional to electromotive force x quantity of current, or, other- 
wise expressed, to (quantity of current)^ x resistance of cir- 
cuit, &c. 

7. In the case of gravitation, the quantity which varies in- 
versely as the square of the distance between a pair of bodies, is 
their tendency to approach each other, to which no law of con- 
servation applies. 

8. To find their energy, being the quantity which is conserved, 
the following processes are to be gone through. 

To fix the ideas, let the bodies be spherical ; let a denote the 

sum of their radii, and m, m' their respective masses : let their 

tendency to approach each other, when their surfaces are in con- 

T^mnJ 
tact and their centres at the distance a apart, be denoted by — g- . 

Then, when their centres are at any other distance apart, r, their 
tendency to approach each other is 

At any given instant, let r^ be the distance between the cen- 
tres of the bodies, and let their velocities, referred to their 
common centre of gravity as a fixed point, be v, i/. (It is well 
known that those velocities are contrary in direction,, and in- 
versely as the masses of the bodies.) Then 

I. To find the potential energy, construct a curve whose 
abscissae are values of the distance r, and its ordinates values of 
the attraction/, and take the area of that curve between the 
ordinates whose abscissse are a andrj, that is to say, in symbols^ 
ihe potential energy 

=j>=j>»rf(i-i). 
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This may be otherwise expressed by saying that the potential 
energy is the product of the distance between the surfaces of the 
spheres^ r^—a, into the mean attraction through that distance^ 
Vtnwf 



ar^ 



JI. The actual energy ^ , ,^ 
IIL The total energy 

and this quantity is conserved, being incapable of change by the 
attractive force exerted between the two bodies^ whatever varia* 
tions the distance Tj may undergo. 

This is nothing more than what is demonstrated by Newton 
in propositions 89 and 40 of the first book of the ' Principia/ 

The quantity above denoted by is well known to ma* 

^1 . . 

thematicians under the name of " potential function/' 

9. Besides energy, there are two mechanical magnitudes 
which are constant in a system of bodies acted upon by their 
mutual forces only ; viz. the resultant momentum of the system, 
and its resultant angular momentum: but these quantities are 
purely mechanical, and their conservation in the mechanical 
form is absolute under all circumstances, beiag a necessary con^ 
sequence of the equality of action and reaction ; so that they do 
not connect mechanics with other branches of physics, as the 
quantity called energy does*. 

10. The principle which the preceding remarks are intended 
to illustrate may be summed up by saying that energy, or the 
quantity which remains constant in all physical actions amongst a 
system of bodies, is either the product of two factors — a tendency 
or effort to produce a change, and the change throughout which 
that effort is capable of continuing to act, — or is equivalent to 
such a product ; and that, consequently, no law of conservation 
is to be looked for when one factor only of that quantity is con- 
sidered; such, for example, as the attraction between two bodies 
statically measured. 

I iam, Gentlemen, 

Your most obedient Servant, 
Glasgow, March 12, 1869. W. J, Macquokn Bankine. 

* In the case of a pair of attracting bodies, the resultant momentum 
relatively to their common centre of gravity is always nothing. The result" 
ant onglvXar momentum is the sum of the products made by multipilying 
each mass into twice the area swept over by its radius-vector in uni^ of 
time ; and is constant, aceording to one of " Kepler's laws.'* 
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XXXVIII. On a Method of determining the Spedjic Gravity (jf 
i Liquids. By Thomas Tats^ Etq.^ 

THIS method of determining the specific gravity of liquids 
depends on the principle^ that the lengths of the corunms 
of two different liquids^ supported by the same atmospheric 
pressure^ are to each other inversely as (heir specific gravities. 

ABCE represents a glass tiibe^ 
with an enlargement at CD^ bent 
somewhat in the form of the Wiir- 
temberg siphon^ and fixed at B to 
the rod of a retort-stand ; E F a deep 
jfir fiUed with distilled water; A G a 
small glass vessel containing the li- 

Suid whose specific gravity is to be 
etermined. The tubes AB and 
DC are graduated into inches and 
tenths^ the divisions on the former 
being measured from the top of the 
tube A^ and on the latter &om the 
top of the tube E. The length of 
A B or E C may be about 13 inches, 
and CD about 3^ inches; the dia- 
meter of the portions AB and ED 
may be jl an inch^ and that of the 
portion C D about 1 inch. The jar 
% F should be deep enough to sub- 
merge the tube EC. The tops of 
the tubes at A and E should be plane 
sections at right angles to the axes 
of the tubes. The instrument is used 
in the following manner : — 

The glass G, being at first empty, is raised by a thin block 
of wood, causing the bent tube A to touch the bottom of the 
glass; the jar EF, nearly filled with distilled water, is elevated 
until the water stands at C, the top of the wide tube D C ; 
whilst the jar is held in this position, the liquid) whose specific 
gravity is to be found, is poured into the glass G ; the jar is then 
let down to its original position, leaving the mouth of the tube 
E a little above the level of the water in the* jar (the water in 
the tube D C will have fallen a little, whilst tl^ liquid will have 
risen in the tube A B) ; the glass G is then depressed by re- 
moving the thin block of wood, thereby causing the mouth of 
the tube A to stand a little above the level of the liquid in the 

'*' Cgmmunicated by tlM Authoc 
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glM8, Now the water will stand exactly at the top of the tube E^ 
apd the liquid exactly at the top of the tube A; and as the two 
columns of liq^uids are supported by the same atmospheric pres-*. 
sore^ the specific gravities or densities of the two liquids wUl be 
to each other inversely as the heights of their respective columns. 
The heights of the respective columns being read off to inches 
and tenths of inches, the quotient arising from the division of 
iJie length of the column of water by the length of the column 
of liquid will give the specific gravity of the liquid at the tempe- 
rature of observation, tnat of water being unity. The specific 
gravity of the liquid may thus be readily found true to three 
places of figures, and, by using a hand vernier, to four places of 
figures. The allowance necessary to be made for the curvature 
due to cohesion, as well as the method of reducing the specific 
gravities to mean temperature, are too well known to require 
9ay explanation in this place. 

It ^1 be observed that it is not at all requisite that the fluids 
at A and E should stand at the same level ; and it will be further 
observed, that the truth of the indications is not at all vitiated 
by the pressure of the vapour which may arise from the liquid 
in the tube A B, inasmuch as this additional pressure would act 
equally on both liquids. * As the specific gravity of the liquid 
depends solely upon the relative heights of the columns A K and 
E N, it matters not what quantity of liquid may have entered 
the tube. After the observation has oeen made, the liquid 
may be discharged from the tube, AB, by simply elevating the 
jar F. 

In order to economize, when desirable, the quantity of liquid 
employed, the following artifice may be adopted : — In the place 
of pouring the liquid into the glass 6, let it be poured gradually 
into the mouth of the tube as required, whilst the jar F is being 
slowly depressed. Proceeding in this way, about an ounce 
weight of the liquid will be sufficient for determining its specific 
gravity. 

The bendinga at A and E are not strictly essential to the con- 
Qtraetion of the instrument, being introduced rather to facilitate 
the manipulatign than to contribute to the delicacy of the indi- 
cations. When the tubes are straight at their lower extremities, 
two glass tubular gauges may be used, terminating at their lower 
extremities with fine points, and sliding through rings of india- 
rubber fixed at the upper portions of the tubes B and C. In 
thi^'case the gifkduated tubes are depressed until their fine' 

S>ints just touch the surfaces of the liquids in the vessels F and 
, and then the heights of the respective columns are read off as 
before. 

I have used this instrument for some time, and compared the 
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results derived from it with those obtained by means of a com* 
mon areometer of the best construction, and I have invariably 
found that they closely agree with each other. 

Let h s= EN, the height of the column of water ; 

Aj5=s AK, the corresponding height of the column of 

liquid; 
F = the pressure of the atmosphere, expressed in inches 

of mercury, at the time of observation ; 
p = that of the air, KBCN, enclosed in the tube ; 
s^ = the- specific gravity of the liquid, s being that of 

water, and S that of mercury ; then we have 



and also 



P=;, + Ax|, 



and taking ^=1, 



P=i>+*ix|, (1) 

_h 

^^-{^ (^) 

that IS, the specific gravity of the liquid is equal to the quotient 
arising from the division of the length of the column of the 
water by that of the column of the liquid. 

Suppose the liquid whose specific gravity is to be determined, 
ta be rectified alcohol, then in this case I have found ^=10*25 

and Ai = 12-20; .-. ^i = {§||= '8401. 

Tn order to determine the proportion of the parts of the in- 
strument corresponding to the most economic form of construc- 
tion, let 

a = the section of the wide tube CD ; 

£7,= the section of the tube AB; H=sAB=EC; 

V = e«i = the volume of the air in the tube at P pressure, 

that is, when the water stands at the level C ; 

V = the volume of the air, KBCN, at;? pressure; 

then we find 

and by equation (1), 

,-.PV=(p-A,|){v-«,A, + a(H-A)}. • 
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Solving this equality for the value of — , subiStituting h^Si for 
h, and putting ( ^ ) for — , we obtain 



rfj ~ V H - Ajs, Vps - A,», '*'^)' ' ' 



(3) 



But since es^ is small, in all actual cases^ as compared with 
PS— ^i5j, we have approximately 






(4) 



Now assuming s^ to be the least specific gravity of all the 
liquids eligible for examination^ then in order that there may be 
too redundancy of length in the tube E C, we must take H= Aj ; 
in this case equation (4) becomes 

?='^l^. (5) 

which expresses the ratio of the diameters of the tubes A B and 
CD in terms of the specific gravity of the lightest liquid. 
Moreover we have 

A, = — , and the descent of the water in CD=A,— A« 

Taking «j='75, we get y= I ; and taking A = 10, we get 

A,= ~ =13^, and Ai-A=13^-10=3^. 

Hence the following dimensions of the different parts of the 
instrument may be adopted : AB = 18 J inches ; DC =3i inches; 
d or diam. DC = 1 inch; and d^ or diam. AB = ^ inch. 

In order to show the advantage derived from the enlargement 
of the tube CD, take d^d^ in equation (4), then 

H— Aj5j=Ap •*• Ha=A + Ai, 

which shows that, in order to have the columns A and A^ the 
same as in the foregoing case, H or £ C must be equal to the 
sum of these columns, which is A in excess of the length deter- 
mined by the economic condition expressed by equation (5). 
For example, when Ai=18^, and A= 10,. then H=23j^. 

The advantages of the new areometer, aa cojnpared with the 
areometer in common use, are as follows : — 

1. A comparatively small quantity of the liquid is required in 
order to find its specific gravity. It has been shown that with 
this instrument about an ounce weight of the li(j^uid is sufficient 
for determining its specific gravity, whereas with the common 
areometer it requires not less than seven ounces. 
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2. It is quite as delicate iu its indications as the very best 
forms of the common areometer^ which should consist of at least 
two instruments^— one for determining the specific gravity of 
liquids that are denser than water, and the other for those that 
are lighter than water. 

' 8. The great advantage of the common areometer consists in 
the simplicity of its application, no balance being required; the 
manipulations connected with the use of the instrument here 
proposed are quite as simple, and at the same time present 
striking experimental illustrations, suited to the lecture-table^ 
i>{ tha relative densities of different liquids. 

4. The scale of comparison in the common areometer is em- 
pirical, whereas that of the proposed instrument depends directly 
on a fiked and invariable scientific principle. 
• With these advantages, the areometer here proposed may. fwly 
take rank with the ordinary areometer as an instrument capable 
of determining, within certain limits of error, the specific gravity 
<jf different liquids, .... 

Hastings, February 28, 1859. 

XX21IX. Notes on Miner(dogy. — ^No. VIII. Onihe Felspar and 
Mica of the Granite of Canton. By the Eev. Samuel 
Haughton, M.A.i F.K,S., Fellow of Trinity College^ and 
Professor of Geology in the University of Dublin^. 

THE granite of the neighbourhood of Canton is composed of 
grey quartz, a light flesh-coloured or creamy^ white felspar, 
in large crystals, and a black glossy mica (crystals f by ^ inch) 
imbedded in the felspar and accompanied by quartz. 

The following analyses will show the chemical character of 
these minerals :— - 



Felspar of Canton Granite. 



Silica . . . 
Alumina . . 
Peroxide of iron 
Lime . • • 
Magnesia • . 
Potash . • . 
Soda . . . 
Loss by ignition 



Per cent. 

64-48 

1912 

0-56 

0-46 

trace 

12-52 

8-24 

0-16 



Atoms 
1-433 
0-867 
0007 
0016 

0266 
0104 



}«■ 



374 



.0-386 



100-53 
From the preceding analysis may be deduced the following 
relation among the atoms of silica^ peroxides, and protoxides; — 
,* Cp^UQuiucated by the Aathor* 
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Silica ♦ . • ♦ •1483 *00 

Peroxides • • . . 874 1'04 

Protoxides .... 886 1«08 

From whicli it ia plain that this felspar is orthoclase. 
The analysis of the^black miQa is as follows \-r^ 

Black Mica ofCuntan Qranit^, 
Per cent. 



SSff 



}o. 



Silica •. * . • , 85-50 . •.. ' 

Alumina* . • > • 20-80 0-400 

Peroxide of iron . • 19*70 0346 

Lime 0-56 8-020 

Magnesia . . . . 4-46 ^ 0-223 

Protoxide of iron.. . 7-74 0-215 

Protoxide of manganese 1*70 0-047 

Potash 9-00 0-191 

Soda ..... 0-10 0-003 J 

Loss by ignition . . 0-25 ' 

From the preceding we obtaip^ in atoms^ — 

Atoma* Oxygen ratio. 
• Silica ..... 789 - 789 

Peroxides .... 646 646T 

Protoxides. . . . 699 233 J 

from which may be deduced the following : — 

/ 26(3RO) + 74R«0»]. +90SiO*, 



0-789 
646 



0-699 



879 



or 



-ri(3R0)+ |R«03TsiO«*. 



These formulae represent the analysis^ and are sufficiently 
near to the formulae for the Lepidomelane of Soltmann, and of the 
black uniaxal micas of Donegal and Leinster, to render it pro- 
bable that they all are varieties of the same mineral. To show 
their analogy and difference, the following comparison may be 
useful: — 





Atoms of 


Silica. 


Peroxide. 


Protoxide. 


Water. 


Lepidomelane .... 
Black mica of Ballyellin*. 
Black mica of Ballygihen* 
Black mica of Canton . . 


831 
790 
804 
789 


569 
6M 
647 
646 


"551 
638 
515 
699 


66 
477 
433 
139 



* Quart. Joum. GeoL See. Loudon^ vol. xv. p. 129. 
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26Q The Bev. 8. Haughton^s Notes on Mineralogy. 
The mineralogical formulae of the four minerals are :— 
I. Lqndomelane: . . , . 

11. Black Mica ofCarhwi 

IIL Black Mica of Denial I 

IV. Black Mica of Canton \ 

It appears to me that the preceding formulae, representing 
black micas from Bussia^ Ireland, and China, balance around 
a mean or average formula, which may be regarded as the type 
species of this mineral ; viz. — 

S(3B0)+j^(R*03]si03. 

This abstract or theoretical black mica, probably exists only as 
an idea or conception in our minds, and may not have a concrete 
development in any place ; but it must be regarded as an essen- 
tial constituent of the original granite formed in the astrono- 
mical epoch by the cooling of our globe. All our researches 
tend to prove that there is an original or type-granite, charac- 
teristic of the azoic epoch of the earth^s history, marked mine- 
ralogically by the presence of four important minerals, — 

1. Quartz j 

2. Orthoclase felspar ; 

3. Black mica; 

4. White mica ; 

and marked chemically by the abundance of potash and the 
absence of lime. 

Trinity College, Dublin, 
March 10, 1869. 
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Xtf. On Bromo^arsenioU8 Add. 
By William Wallace, Ph.D., F.C.8.* 

IN former papers f I have described chloro-arsenious acid and 
iodo-arsenious acid^ compoands which consist of arsenious 
acid in which an equivalent of oxygen is replaced by chlorine 
or iodine. In the present communication I purpose to notice 
another member of the same series of compounds — bromo-arse* 
nious, or arsenious acid with one equivalent of oxygen replaced 
by bromine. This compound is intermediate in its properties 
between the corresponding acids containing chlorine and iodine 
respectively. 

. Terbromide of arsenic is readily formed by very slowly intro- 
ducing an excess of powdered metallic arsenic into bromine con« 
tained in a tubulated retort* The arsenic takes fire as soon as 
it comes in contact with the bromine. By distilling twice^ the 
bromide is obtained perfectly pure, as a white, fibrous, crystalline 
mass. When a considerable quantity of fused bromide of arsenic 
is cooled very slowly, crystals of more than an inch in length 
are readily obtained. From these the still liquid portion may 
be poured off, and thus the bromide is prepared in a state of 
perfect purity. I intend to employ the bromide purified in this 
manner for the redetermination of the equival^it number of 
bromine. 

Bromo-arsenious Acid. 

Fused terbromide of arsenic readily dissolves a considerable 
quantity of arsenious acid, forming a slightly viscid, dark* 
coloured fluid, which does not solidify so readily as the pure 
bromide. When this liquid is gradually distilled until it becomes 
rather thick, and allowed to cool to about 150°, it separates into 
two fluids, the heavier being very viscid. The upper liquid 
consists of bromo-arsenious acid, while the lower is a compound 
of that body with arsenious acid. Bromo-arsenious acid, thus 
formed, is a soft, unctuous, semisolid mass, having a dark colour, 
which does not appear to be owing to the presence of any im- 
purity. Analysis gave— 

Arsenic . . * ••• 1 = 75 43*86 

Bi-omine, . . 47-10 1 = 80 4678 
Oxygen 2 = J^ 986 

171 100-00 

As BrO* or As Br^ + 2 AsO*. The more viscid mass which sepa- 
rates from the above appears to consist of 3AsBrO*+ AsO^, or 

* Communicated by the Autbor. 

t Phil. Mag. vol. xvi. p. 358, and vol. xvii. p. 122. 
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As Br® + 3 AsO*. .. Axialyaia of three different preparations gave, — 

Arsenica • .., > .., »*. 4 « 800 4902 

Bromine . 89*2 . 401 41-8?. 3 = 240 39-21 

Oxygen. . ..* 6 =s= 72 11;77 

6l2 100*00 

The application of a high temperature causes the decomposi- 
tion of both of these compounds, with distiUation of pure terbror 
luide of arsenic. A portion of the bromine is^ however^ tena-;' 
ciously retained by the arsenious acid that remains behind. 

Action of tVater upon Bromide of Arsenic, 

Bromide' of arsenic cannot be dissolved in water without 
causing the separation of a white precipitate. About three par£B 
%ji water at the boiling temp^ature are required for complete 
solution ; but a much smaller quantity is sufficient if hydrobromie 
acid is added. A boiling aqueous solution deposits, on coolings 
octahedral crystals of arsenious acid, which are quite free. from 
bromine. When the bromide is boiled with a quantity of water 
containing hydrobromie acid, insufficient to dissolve the whole 
df it, the portion that remains undissolved becomes viscid, and 
acquires a dark-brown colour from its conversion into broma» 
arsooioua acid* 

Hydrated Bromo^arseniom Add. 

. A cdd solution of bromide of arsenic in. water and hydro- 
bromie acid gives, by evaporation over oil of vitriol, thin, white^ 
pearly crystals, which consist of the hydrated compound add. 
Analysis gave 40*55 per cent, of bromine, which agrees with 
the formula 3 HO, As BrO». 



Afsenic . . 


. . I = 75 


87-88 


Bromine . . 


. . 1 = 80 


40-40 


Oxygen . . 


. . 2 = 16 


808 


Water . . 


. . 3 = a?" 


13-64 



198 100-00 

This compound does not appear to lose its water of hydmtioni 
or at least not the whole of it, over oil of vitriol. 

When bromide of arsenic is dissolved \ji boiling water contain- 
ing a considerable quantity of freehydrobromicacid, the«olution 
on cooling gives no arsenious acid, but a compound of arsenious 
acid with hydrated bromo- arsenious acid, having exactly the 
constitution assigned to the corresponding iodine salt. This 
compound falls as a bulky precipitate consisting of white pearly 
flakes, which have, when drained and dried bypressuro between 
folds of bib\^oxls paper^ a beautifol siBcy Insfte. It contains^ 
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lite the lojUiie' lM>mpbittid> iot eUch et)aiveleiit of tfh»nio three 
jequivalents of water^ only half of whichi or 9*55 per cent.^ is 
xemoved by exposure over oil of vitriol. On exposure to heat in 
a water-batb> water is first evolved, then a little hydrobromic 
acid, and subsequently bromide of arsenic : the whole of the 
bromine is expelled by continued exposure to the temperature of 
the water-bath* Analysis gave— • 

Arsenic .... ... 4 rs 800 52*08 

Bromine * . ♦ . 13'70 1 a* 80 18-90 

Oxygen 11 =± 88 15-27 

Water » * ♦ • 16-54 12 « 108 18-75 

576 100-00 

AsBrO«,3As08 + l2HO, or AsBr^+llAsO^ + iaHO. 

When a concentrated cold solution of bromide of arsenic is 
treated with bromide of ammonium, well-formed six-sided tables 
with bevelled edges are slowly formed. These consist of anhy- 
drous bromide of arsenic, with a small proportion of bromide of 
ammonium mechanically mixed with it. Deducting 9*24 per 
cent, of bromide of ammonium, analysis gave — ^ 

Aramiie • » ».. ... 1 s: 75 23*81 

Bromine. . 76-40 75-75 8 «240 76-10 

816 100-00 

Bromo-arsenious acid does not appear to form compounds with 
the alkaline bromides. 



XLI. Remarks on the Veined Structv/te of Glaciers. 
By John Ball, M.RJ,A., F.L.S.* 

PROFESSOR TYNDALL having done me the honour t5 
refer, in his recent lecture upon glacier structure at th^ 
Royal Institution, to an article which I contributed to this 
journal in December 1857, and having intimated that it had the 
fortunate result of inducing him to examine, still more closely 
than before, some of the pheenomena of glaciers, I trust I may be 
permitted to offer a few remarks upon the present state of the 
question which has been in debate — ^the origin of the v^ned 
structure in gliM»er ice* 

I must commence by avowing my conviction that^ substan* 
tially, Professor Tyndall has been victorious over those, myself 
included, who were at first disposed to doubt his theory, that 
pressure is the efficient cause to which the veined structure 
genially, if not iiniversallyi owes its origin. This victory haa 

Off tniHi n?i iiytrf ii by the 4 Ti t)^iHyr r 
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been gained by the eonttnned study of tbe subject^ which hail 
indaCed the author of the new theory to modify very con* 
aiderably the views which he first published two years ago. 
Having been sagacious enough to perceive the true cause of the 
phsenomenon in question^ he has been led to alter his view as to 
the modus operandi : his theory is no longer a merely mechanical 
one^ in which it is assumed that pressure must have upon the 
particles of glacier ice the same effect that it. has upon those of 
mud; it is now a physical theory^ depending upon the known 
properties of the particular substance of which glaciers are com- 
posed^ and one capable of being directly brought to the test of 
experiment. 

Having frankly admitted so much^ I claim permission to 
point out one or two particulars in which the chain of demon- 
stration framed with so much knowledge and ingenuity seems 
to me still incomplete^ and to urge that there may be still some 
residual phsenomena in glacier structure not accounted for by 
Professor TyndalFs theory, and capable of interpretation through 
the action of other physical causes. 

The conclusive argument against the so-called stratification 
theory is derived from the remarkable appearances which Pro- 
fessor Tyndall observed last summer on the Purgge Glacier near 
Zermatt. The situation was one which exposed him to con- 
siderable danger in approaching close to the ice, and the illus- 
tration exhibited at the Royal Institution did not look very like 
the ordinary veined structure ; but -in the case of so bold an 
alpine traveller, and so practised an observer, I have no doubt 
whatever of the complete accuracy of the statement, that in that 
place the veined structure was seen cutting through the planes 
of the stratification of the n^ve, and, further, that Professor 
Tyndall satisfied himself that this veined structure is developed 
in a direction perpendicular to that of pressure acting on the 
glacier. Further than this, I am quite satisfied with the accu- 
racy of the more general statement, that in the three ordinary 
cases in which we are able to detect the veined structure, the 
surfaces that compose it are disposed at right angles to the 
direction in which pressure is actually at work, or has previously 
acted, upon the glacier ice. Is it therefore necessary to believe 
that the veined structure is, in every case, a product of pressure 
acting on the ice ? Upon this point I venture to retain some 
doubts, which I desire to submit to those who may be disposed 
to pursue, into their last recesses, the varied problems to which 
the glaciers have given rise. I turn from the great glaciers 
ttrisipg from the confiuenoe of many different ice-streams, wher^ 
the veined structure is found in ice many miles distant from the 
spot where it was deposited hundreds, it may be thousands^ 
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t>f years before^ to direct attention to those smaller aceumula- 
tions that are found on slopes and depressions of the Alps^ not 
far below the region of the n^v^. I do not now speak of those 
small patches of permanent nev^ which have scarcely any mea« 
sarable motion^ one of which^ close to the summit of the Faul- 
horfl, was very carefully studied by that good observer M. 
Charles Martins ; and of which^ as far as I can judge from the 
lithography an example is given in plate 9 of Forbes's ' Travels 
through the Alps/ I speak of true glaciers of the second order, 
such as the Kaltwasser Glacier above the pass of the Simplon^ 
the motion of which was measured by Professor Forbes. Ex- 
Bmples may be found on all the higher parts of the Alps^ but 
most commonly on mountains of 10,000 or 11,000 feet in 
height: they possess an appreciable, though slow, onward 
motion; and the neve becomes completely transformed into 
glacier ice. Such glaciers are usually of very moderate depth, 
and are nearly friee from crevasses ; so that the only favourable 
opportunity for obtaining a view of their internal structure is in 
places where they come to an end over an edge of steep rocks, 
and the successive portions of the glacier break away as they 
advance over the edge. In every instance of this nature, where 
I have been able to approach the ice, I have seen indications of 
a structure quite undistinguishable from the ordinary veined 
structure, formed in planes sensibly parallel to the bed of the 
glacier. I would strongly recommend those who desire to ap* 
proach glaciers, however small they may be, in such situations, 
to be on the ground early in the morning, before the sun has 
had time to loosen impending fragments of the glacier* Failing 
this precaution, considerable risk attends such inquiries. 

In the cases to which I refer, it has appeared to me that it is 
difficult to conceive the action of any pressure adequate to deve- 
lope the veined structure. The only pressure, indeed, that can 
be called into play is that compounded of the weight of the 
upper portion of the ice pressing on the lower, together with that 
which Professor Tynddl has shown to exist where adjoining 
portions of a glacier move with unequal velocity. Whether 
the amount of these two forces combined can be sufficient to 
generate the veined structure in a glacier but thirty or forty 
feet deep, where the absolute rate of advance is very small, and 
the differential motion is still smaller, seems to me very ques- 
tionable. If it be so, the structure so developed should, at all 
events, be confined to the lowest beds of such glaciers; but, as 
far as my observation has gone, this is by no means the case. 
The structure has appeared uniform throughout the thickness 
bf the glacier. Pending further inquiry on this branch of the 
^subject, I shall venture to believe that in these cases the veined 

Phil. Mag. S. 4. Vol. 17. No. 1 14. April 1859. T 
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.«tri}4»t«im i4»i w b^^i ii form of rtffitifiGAtiooj ari«mg &om 4^ 
gmdoal cQn9oU<Utioa of the origiaal beds of neye, 1 biive »aid 
&at it i9 imdistmguisbable from the ordinary veined stm^tme 
.which I now believe to be due to pressure; out it is probable 
that closer examination would show that the structure produced 
.by two different causes is similar only, and by no means iden* 
tical. It seems probable, for instance, that the layers consti- 
tuting the structure will be found to be more continuous iu 
glaciers of the second order — ^if there it be really a result of 
stratification — ^than in the great glaciers, where it arises from 
pressiire. The peculiar molecular condition of the ice which 
causes cleavage may also be a characteristic of the Pressure 
Structure, as distinguished from the Stratification Structure, 

Turning from this (which, at the utmost, would merely esta- 
blish an exception to the ordinary law regulating the ongin of 
the veined structure) to the fundamental experiment upon which 
the physical theory of the subject is now based, it will certainly 
not have escaped the acute mind of its author that experiments 
upon solid ice, though they may furnish fair ground for infer- 
ence, fall a good way short of demonstration as to the result of 
pressure upon that curious mixture of ice, water, and air which 
constitutes the mass of ordinary glacier ice. Close examination 
shows it to be a sort of breccia, or conglomerate, made up of 
angular fragments of ice closely adhering together, filled through- 
jout with air-bubbles, each separate fragment having the small 
air-cells more or less flattened in the same direction, but no 
general parallelism in the direction of flattening being traceable 
amongst adjoining portions of the ice. The ceUs are sometimes 
— Mr. Huidey thinks, always — ^partly occupied by water along 
with the air which they contain. After seeing the experiments 
by which Professor Tyndall shows that mere pressure applied to 
a mass of pure ice, will, without change of temperature, cause 
partial liquefaction extending in fissures transverse to the direc* 
tion of pressure, a person, arguing a priori as to the effect of 
intense pressure upon such a mass as glacier ice, would be apt 
to conclude that liquefaction would proceed on the free surface 
of the interior of each air-cell, and in such a direction as woold 
enlarge the cells into the form of lenses sensibly parallel to each 
other. But, instead of this, we find the air-cells in the white 
veins showing no signs of change, while, at moderately regular 
intervals, we find veins from which nearly all the air-bubbles 
have been driven out, I am far from putting this as an obiec* 
jtion to the pressure theory; it seems to be an example, W 
purely a very remarkable one, of an extensive and still obscure 
^ass of physical phaenomena, wherein force, transmitted throug]i 
1^ resisting medium, manifests itself in apparent intermittepciBy 
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with mlt^iMitioiiB of mftKJmii iutd mimmt. All that I eontend 
iffi 18, tl)»t tb^ 9ttbJQet: ie oq^ impoiia&t fti»d iat^eitiQg enough 
to dfiseiTfi stiD further Ulu^trgtion and ejcperimort. With thii 
object, I would suggegt that ordinary snow, n^ve, and glaciar 
i^ should each be subjected to powerful eompreasion in eheati 
containing about ,a cubic yard, of which the Bides ahoiUd be 
elastic to allow of some lateral e^^pansion, The effects of greater 
compression, applied for a short time, might be compared with 
those of a lesser pressure, continued for months, or even a longer 
time. 

It appears probable that a very considerable amount of pres*' 
sure must be necessary to produce the structure, as otherwise 
we should more frequently find it disposed horieontally, deve* 
ioped by the pressure of the upper on the lower parts of a 
glacier. 




To make this clear, let AB be a glacier formed by the ooin^ 
fluence at A of two smaller glaciers, from the mutual thrast pi 
which the veined structure will be developed in vertical planea 
parallel to the medial moraine. At C, where the glacier lies in 
a uniform bed with a moderate slope, that thrust will have 
ceased to operate \ but the veined structure once created remains 
visible, and is no less visible at P, a point a mile lower down 
the glacier. But if the average rate of advance be 200 feet vet 
the year, and the average annual ablation, or removal of thit 
surface by melting, be 4 feet— both reasonable estimates— rtil» 
ice which we see on the surface at D must have been 104 feefe 
deep when it was under the point G. The absence of all traeor 
of horizontal structure in such positions, leads to the inference 
that the mere pressure of the ice upon its own lower beds is tiOfr 
in general capable of developing the veined structure. 

The same diagram will serve to suggest an explanation of ji 
difficulty felt by some observers, and which, I suspect, led even 
Professor Forbes into a slight error. Let XY represent an ieetr 
cataract, £ a point at its base, E a point further down the glacier 
^-H»ay one mile distant from E, At E, for the reason explained 
by Professor Tyndall, the veined structure is developed across thit 
glacier, parallel to XYj but lower down, at F, it is seen. in the 
old position, parallel to the medial moraine4 . It ii^ inferred thafe 

T2 
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some force must have been at work in the Bpace between E and 
F to effect this change in the direction of the planes of the 
veined structure. Nothing of the kind, however, need take 
place. The compression at E, and the resulting transverse 
structure, are merely superficial as compared to the entire thick* 
ness of the glacier. In the neutral zone, which has undergone 
neither compression nor tension during the passage of the ice* 
cataract, the structure originally developed at A may well sur-^ 
vive, and when superficial waste has cleared away the portion 
affected by transverse compression, the old longitudinal structure 
comes again to the surface. 

Why we never see indications of a cross-bar structure in cases 
where pressure is applied in a new direction to ice already pes* 
sessing the veined structure, is a question that seems to me to 
deserve further examination. Experiments such as I have already 
suggested, which should include this inquiry, might probably 
give interesting results. 

Before closing these remarks, I beg to call the attention of 
observers to a point of glacier structure which has obtained but 
little notice. At the lower extremity of glaciers, where a stream 
issues from a cavern in the ice, there is almost always apparent 
a tendency to split in curved surfaces, which, in part at least, 
cut perpendicularly the planes of the veined structure. It is to 
this tendency that the caverns whence the glacier torrents issue 
owe their arched form. It is clear that this is no merely acci- 
dental hollowing out of the cavity above the stream ; for above 
the cavern successive fissures may be seen, sometimes but an 
inch or two in width, all strictly parallel to the curve of the 
interior arch. Does this indicate a structure extending through- 
out the entire of the glacier ? I have sometimes thought so, 
and imagined it to be analogous to the jointing of crystalline 
rocks ; but I do not venture to speak with confidence on the 
subject. I believe partial subsidences near to the banks, and 
even in the central region of great glaciers, to be more common 
than is usually supposed, and to be accompanied by fissures 
which tend to cut at right angles through the surfaces of the 
veined structure. 

In conclusion, I beg to express the conviction that, with the 
key to a true explanation of the most important phenomena of 
glacier structure, for which we are indebted to Professor Tyndall, 
a systematic inquiry into the application of his theoretical views 
to all the facts presented in the ice-world, and into those residual 
phsenomena to which he has not turned his attention, would 
amply reward the labours of a competent observer, and is re- 
quired, in spite of all that has been hitherto done, to complete 
our knowledge of the glaciers. 
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XLII. On the Stratification of Electric Light. 
By the Rev. T. R. Robinson, FM.S. ^-c* 

IN a communication on the Stratification of Electric Light in 
rarefied Media, which appeared in the Philosophical Magazine 
for last July, Mr. Grove has described some facts which are in close 
relation to the cause of that phsenomenon, of which the most 
important is this — ^If in the circuit of an induction-machine of 
which an exhausted vessel forms a part, there be an interruption 
which is gradually lessened till sparks just pass it occasionally, 
those sparks are blue, and have a single sharp sound j if the 
interval be still more diminished, they become yellow, burred, 
and their sound is not so clear, but is attended with a slight 
whiz. Now he finds that the blue sparks do not form strata 
in the vacuum, but that the yellow do, so that by regulating 
the distance he can produce them or not at pleasure. He thinks 
the blue are single, and the yellow double or multiple ; and finds 
in this a proof of his former opinion, that these strata are caused 
by some peculiar action of compound discharges. Within the 
last few weeks he has developed these views more fully in a lec- 
ture at the Royal Institution. 

Everything which comes from Mr. Grove bears the stamp of 
i^agacity and power ; and I read this paper with great interest ; 
but circumstances prevented me till recently from repeating its 
experiments. The results which I have obtained, show that its 
leading inference cannot be received as universal ; for, in the cir^ 
cumstancesofmy experimentSylelwsiyB obtained strata when a spark 
passed, whether long or short, blue or yellow. Any one versed 
in these inquiries knows how much the strata are modified by 
slight variations of apparatus, &c. ; and some such have probably 
caused this discrepancy ; I will therefore describe mine in some 
detail. 

The induction-machine which was mostly employed, consists 
of six sectional coils (the gift of my friend Dr. Callan), each con- 
taining 8000 feet of fine iron wire, not lapped, but insulated by 
an elastic varnish. They are arranged, three on each of two 
vertical primaries, having each 850 spires of No. 12 copper, and 
cores of iron No. 17. Their internal terminals are below, con- 
nected in the centre; and the current is passed collaterally 
through the primaries, so that the external terminals of the ex- 
treme coils have equal and opposite tensions. The condenser 
has 100 square feet of charged surface, which can be used in 
sections of 20 according to the battery power. The rheotome is 
mercurial t; and the machine gives sparks of about one inch 
for every Grovels cell used to excite it. A few words respecting 

* Communicated by the Author. 

t This kind of rheotome is the best which I have tried, giving sparks 
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these sparki may be ionnd relevant to the present question. If the 
terminals be connected with a Bpark->micrpmeter opened to about 
twice the striking distancei when the machine acts^ a lucid star 
will appear on one or both points. Bringing them gradually 
closer^ a small brush, exactly like that produced by a point on a 

})rime conductor, is seen at the positive point : as the distance is 
essened^ the filaments of this brush extend, and at last curve 
towards the negative with a sputtering sound. Still nearer^ and 
Sparks strike across with an intense light and sharp snap which 
eannot possibly be mistaken for the preceding form of discharge ; 
they are zigzag; and, when the excitation is powerful, two-thirds 
irf their length at the positive end is often red, the rest bluish 
white. If the distance be less, the spark has that strange yel- 
low envelope which, as Du Moncel has shown, can be blown 
aside like a flame, but which is certainly not a second discharge^. 
And at very short distances there is sometimes a sheaf of curved 
Sparks between the points. If one terminal be connected with 
the gas-pipes of the house, and the arm of the micrometer which 
had been joined to it be connected with the floor (so that the 
circuit includes a very great resistance), we obtain what is 
called the static discharge, which is of the same character 
as the inductive one discbv.ered by Mr. Gassiot, and, like it, 
ean be distinguished from the dynamic one by the ma^et 
when passing through a vacuum and the revolving nurror 
in air ; it is about half the length of the other. The vacuum 
which I included in the circuit was an ''electric egg,'' & high 
Und 6' diameter; on its wires were cemented glass tubes with 
WoUaston's points of platinum, J^ diameter, 6' apart. This 
form of electrodes reduces the conditions of discharge to a more 
definite state than when they are balls or naked wires ; and the 
following may be considered its normal character when the egg 
has been filled with dry hydrogen and exhausted to (y-08. Sup- 
posing the upper electrode positive, there is at it a brilliant 

whose length is 1 *3 times that of those obtained by the spring rbeotomes 
of Hearder or Ladd : KuhmkoriF's vibrating hammer is much feebler.. 
This very energy, however, tests the insulation of the coils severely. I 
iind two precautions necessary in using it: — (1) the mercury must be fiega* 
tive, otherwise the action is almost explosiye> and the effect only f > (2) the 
platinum points should work through a diaphragm of thin vulcanized rub- 
ber, to prevent the blackened alcohol from being splashed about. 
• ♦ Wnen such a spark is viewed in a revolving mirror, its thickness is 
flligbtly increased, but the envelope is drawn out into a sheet extending 
man^ degrees^ even when the rotation is comparatively slow, whieh shows 
that it lasts much longer than the spark itself. This explains a singulsr 
fact which has occurred to me occasionally. In a hydrogen vacuum =2''50, 
if a small Leyden jar be connected with the machine, according to Mr* 
Qrove's plan, the discharge passes as a splendid sdarlet spark; this ii 
sometimes surrounded by a faint elliptic eiivelope^ whi^h oontinuM visible 
ipi 0"1 after the qther has disa]ppeai;ed, « 
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rif from which streams an elliptic spindle of greenish light 
about two-thirds of the distance^ brightest in the axiss 
this is full of strata^ thick near the point and curved round it 
like spheric shells^ thinner below and less curved^ till at the lower 
termination of the positive light they are nearlj plane and only 
(y'05 or (/'OB thick. In the bright central portion they seem 
thickeif than their continuations into the surrounding part, 
which are also bent back abruptly. If the excitation be very 
powerful^ the curvature of the lower strata is reversed^ these 
being in that case formed^ as Mr. Gassiot has shown^ by that 
current which passes on closing the primary circuit. Below the 
positive hght is a dark space from Ql'b to 2' wide; and lower 
still is an atmosphere of bright blue light (which I call the 
aigrette). It is generally conical with a convex basCi never 
ihows strata^ but seems to be composed of rays diverging from 
the negative point. From this^ however^ it is separated by 
a thin dark space surrounding it like a wrapper^ and within 
that by a reddish-violet one. Along the glass tube^ below this, 
positive light with its strata reappears; due probably to the dif- 
ficulty of insulating the wire where the tube ends. If static 
discharges be passed, the appearances at each point are similar— 
a negative aigrette, a dark space, and a few thick spherical strata 
at each end of the faint spindle of light concave towards the 
nearest point. This is explained by the double nature of this 
discharge. If a static spark be viewed in the mirror revolving 
eighty times in the second, it is seen to consist of two, the 
second narrower than the first and less luminous, about 5° 
behind it, that is, nearly ^^^tt^^ ^^ ^ second later : the two being 
opposite in direction, produce two reverse systems, which are 
merely superposed. 

Having pren^ised so much, my trial of Mr. Grove's experiment 
can be easily described. Exciting the induction-machine by two 
Grove's, it gave static sparks « O'-QO, and dynamic =s i/*%%7 at 
the rate of 7 in 2«. With the egg in circuit, no sparks passed 
till the micrometer was at 1''038. During the whole of the 
previous star- and brush-discharges, the appearances in the egg 
were those which I have described as static, strata and aigrettes 
ai each end, even when the micrometer was at 41, The mow 
ment a spark passed (and, as I have already said, these cannot 
be mistaken), the strata appeared in their normal condition, 
mifrely increasing in brightness and magnitude till the micro* 
pieter was in contact. By no manipulation of it or the rheo-* 
tome could I get a spark without producing them ; nor, indeed^ 
could I get any discharge through the vacuum without getting 
at least the static set. 
c On ano&ei^ oecasion with three Grovels, the static E^ark waa 
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1''202 and the other 2'*925 ; but, as before, I could get no disr 
charge without strata. Then I examined the sparks, which were 
actually showing them splendidly, in the revolving mirror at the 
highest speed which I could manage, 120 in a second. There 
may have been a few multiple, but only as exceptional ; for in 
almost every instance they were certainly single with that speedy 
which would easily show -^j^-qj^ of the second. I substituted 
for the egg one of Mr. Gassiot's magnificent Torricellian tubes 
(for which, as well as much precious information and personal 
kindness, I have to thank that gentleman). It is 1' diameter, 
and 31''3 between the platinum points : whenever a spark passed 
the micrometer, its peculiar strata appeared in their normal 
beauty; but with the brush, they had the peculiar character 
which Mr. Gassiot has shown to belong to discharges made by 
induction through the glass ; and placing the tube axial on a 
powerful electro-magnet, it showed, as in his trials, the brush 
discharges to be double in opposite directions, or, as he calls 
them, " reciprocating." 

These are not the only trials which I have made; but I inva-* 
riably found that no length of spark prevents the formation of 
strata, and I am obliged to conclude that Mr. Grovels rule is 
not absolute. The diflFerence between our results depends 
doubtless on some unnoticed difference in the conditions under 
which we operated. Among possible causes may be named 

(1) the nature of the vacuum. He used air with phosphorus 
vapour diffused in it ; I hydrogen : I prefer that, as definite in 
nature, as with equal air-pumps giving a rarefaction fourteen 
times greater, and as exhibiting these strata better than any- 
medium with which I am acquainted, except mercurial vapour^ 

(2) The sort of electrodes. Believing the strata to depend on a 
peculiar mode of disruptive discharge, 1 think they will be 
formed most certainly when the electric power is concentrated 
on a narrow area, as in the guarded points .which I used. 

(3) The direction of the current. When the upper electrode is 
positive, they are better developed than when it is negative ; in 
the latter case there are often only a few large ones near the 
lower point, and the rest are lost in luminous haze, the ascend- 
ing currents of the heated medium probably confusing them. 

(4) Still more important is the intensity of the electricity : with 
very weak power (which would give an air-spark of Qf'\ or 0''2) 
I have failed in obtaining them, even in the Gassiot tube. On 
the other hand, excessive power fails also, but in a different way, 
producing but concealing them. If, when my; six coils are 
highly charged, the discharge of one, two, &c. be passed in suc-« 
cession, it is seen that the bright strata throw out cloudy ap<« 
pendages into the dark intervals as the intensity increases, so 
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that with one giving 6' sparks^ the latter are filled with Ught. 
Mr. Gassiot found the same effect from increasing the number 
of battery cells ; and I believe that his gigantic American machine 
scarcely shows any stratification. 

Sut even were it universally true that a spark of sufficient 
length interposed in the circuit prevents the appearance of 
strata, still Mr. Grovels theory of their origin would remain 
subject to weighty objections. We have no experimental evi- 
dence that the current which he supposes to succeed the extra 
current in the primary coil, exists with any sensible energy; 
and, granting its existence, it is not easy to see how it can pro« 
duce the effects assigned to it ; for, apparently, it must be sub^ 
sequent to the discharge of the secondary coil, and therefore 
cannot modify that in any way. A synchronous one, we know 
from experiment, only weakens the force of another that is op- 
posite; and in the static discharge, where there is the very 
system which he requires, a discharge followed at a very small 
interval by a weaker opposite one, there is certainly no special 
power of developing strata. 

A different view of their origin, and one which seems nearer 
the truth, is given in the Number of ' Cosmos ' for the 4th of 
last month, by M. Morren of Marseilles. He thinks they are 
caused by periodical variations of intensity in the current, due to 
the resistance which it meets in traversing an imperfect con-* 
ductor, and that these cause lateral discharges of the conducting 
material; he therefore compare? them with the wings that pro- 
ject from the stains made by exploding fine wires over paper by 
an electric battery* The notice is so brief, that I supposed he 
meant to represent these explosion-pictures as "autographies 
des stratifications de la lumiere electrique ;^^ but the meaning of 
this phrase is made clear by another notice in the same journal 
(Feb. 18) from M. Seguin, who also seems to have obtained the 
same result. An induction spark sent along glass dusted with 
fine charcoal, leaves a track whose markings he considers iden-^ 
tical with the strata. Undoubtedly these variations of intensity 
do exist : they are shown by the fracture of a wire into minute 
pieces when the discharge is not quite sufficient to fuse it, and 
still more plainly by sending the static discharge of a powerful 
induction machme through a fine steel wire some feet long^ 
In air of ordinary density, and still more in rarefied air, the wire 
is luminous ; but at every inch or two it throws out a circle of 
brushes. In the exploded wire, or the air over the glass, the 
same thing happens ; but the brushes carry with them most of 
the metallic vapour or the charcoal dust, leaving a deficiency of 
them at the intermediate points. On repeating M. Seguin's 
experiment, I obtained the appearances which he describes: 
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they have a strong resemblance to the explosion-pi^Stores, and 
also to the yellow envelope already referred to as surrounding 
short sparks ; but^ as it seems to me^ their analogy to the strata 
i^ far from complete. The transverse divisions scarcely ever go 
entirely across, and have no regtdarity ; the jagged fringes and 
serrated points which form the outline, are in strong contrast 
with the smooth and comparatively definite boundary which the 
light often shows ; but, above all, the markmgs extend through 
the whole track of the discharge, and there i^ nothing analogous 
to the dark space or the blue negative light. In fact the two 
sets of phsenomena seem to belong to diflFerent categories : one 
is the transfer of matter laterally from the aiis of discharge by 
a vehement repulsion ; the other is a succession, along a certain 
portion of that axis, of fits of discontinuity in the light^producing 
power of the current. That power, for a certain further distance, 
totally Ceases, to reappear without any intermission, and with 
the development of rays of higher refrangibility. It is certainly 
possible that, in rarefied air, these so-called autographs might 
assume a similar character; but unless this prove to be the 
case, I think it will be felt that some further step is rtedes- 
sary to complete the explanation. As it now stands, any one 
who compares a fine set of strata with (for example) the superb 
drawings of exploded wire in Van M arum^s Description d^me 
tris-arande machine Electrique, will scarcely admit them to be 
ircsttfts of the same action, that of mere repulsive force. 
"^ It has been for some time my own opinion that the strata are 
caused by these periods of intensity, but in a difierent way from 
that just mentioned,— by the successive zones along the axis 
becoming charged up to the point of disruption. I feel, how- 
ever, that any exposition of it must be premature till more facts 
are collected, and still more till we have a mathematical investi-* 
gation of a current's motion in an imperfect conductor. AVhile 
such labourers as Faraday, Oassiot, and Grove himself are in the 
field, we can have little doubt that the harvest will not be long 
unreaped ; and we may surely expect that some powerful mind 
will ere long bring within the domain of analysis the hypothesis 
(which every day confirms) that electricity is, as Grove ex- 
presses it, "a mode of motion .'' Such an investigation is, from 
its correlation to other molecular forces, of the highest import* 
ance, and will certainly reward most amply its author« 

Armagh Observatory, March 7* 
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iLUlh Chemical Notices from Foreign Joumdh, By E. Atkin- 
soK, Ph.D.f Teacher of Pkyrical Sdenoe in thA Cheltenham 
GoUege. 

[Continued from vol. xvi, p. 624.] 

TTTURTZ hiid expressed the opiDion that acetal is glycol^ 

|Tt V O^s in which two atoms of hydrogen are replaced 

by two atonis of ethyle. Some experiments he has lately made* 
have shown that, when the two atoms of hydrogen are replaced 
by ethyle, the product is not acetal, but a body isomeric with it. 
When glycol . is treated with sodium, a yery energetic action 
ensues, with liberation of hydrogen and formation of sodium* 

c^Hn 

glycol, Na >0^, a white crystalline solid. When this sub- 

• . H J : 

stance is heated with excess of sodium at a high temperature^ 

the compound -pt ^ i-O^ is formed^ or glycol* in which two 
atoms of hydrogen are replaced by sodium. When the former com- 
pound is treated with iodide of ethyle, ethyle-glyeol, C^H* >0*, 

• H J ^ 
fin etheriftl body of an agreeable odour, is produced. It is 
glycol in . which one equivalent of hydrogen is replaced hy 
ethyle, and is hence quite analogous to the monoacetate of glycoli 

C^^H^O* >0^, or glycol in. which an equivalent of hydrogen is 
. H J 
replaced by othyle. 

When ethyle-glyeol is acted on by potassium, hydrogen is libe- 
C*Hn 
rated, and the compound C^H* >0* is produced; and this com- 
pound, treated with iodide of ethyle, gives iodide of potassium 
and diethyle-glycol, ,^4 jjgvg UCH. 

Diethyle-glydol is a mobile liquid, with an agreeable penetra- 
ting etherial odour. It boils at 128°*5 ; is lighter than water, 
and insoluble therein. It has the same composition and vapour- 
density as acetal, but it is only isomeric with it ; their boiling- 
points differ by 2(f C. 

In glycol, two equivalents of hydrogen replaced by two equi*^ 
Valents of the monoatomic radical C*H^ give rise to diethylei^ 
glycol ; and it might be supposed that, if the two equivalents of 

*.CMp^M BomIiw^ August 1868.> / 
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hydrogen were replaced by one equivalent of the biatomic ethy- 
lene C^H*, the ether of glycol, Q4 jj4 fO^t would be formed. 
This would stand in the same relation to glycol, m f ^* ** 

does ordinary ether, ^4 tt^ i-O', to ordinary alcohol, g fO • 
The action might take place in accordance with the equation 

Disodiun^Wcol. ^:^^ ^-£.^^ Newb^dy. 

But a recent experiment* made by Wurtz has shown that 
the action of bromide of ethylene on sodium-glycol is not in 
accordance with this equation. The substances produced are 
glycol and bromide of acetyle, C"* H^ Br. 

When glycol is treated in the oil-bath at 250° with thrice its 
weight of recently-fused chloride of zinc, a brisk action is set up, 
abundant vapours are disengaged, which condense to a liquid, 
forming three layers, — the lower one of which consists of hydro- 
carbons, a middle and aqueous one of aldehyde, and an upper 
one of a volatile substance, the nature of wnich has not been 
determined. That the middle layer contained aldehyde was 
proved by preparing from it aldehyde-ammonia. Propylic glycol 
treated in the same manner, yields propylic aldehyde. The 
chloride of zinc acts simply as a dehydrating agent, 

C4H6 04=C4H4 0«+2H0; 

Glycol. Aldehyde. 

and if the ethers are simply dehydrated alcohols, then the alde- 
hydes are the true ethers of glycol. 

Wurtz and FrapoUif have succeeded in transforming aldehyde 
into acetal. According to the equation 

C4H4C12+2(C4HSNaO«)=2NaCl + C^H*(C*HS)20*, 
it might be expected that the chloride of aldehydene, C^ H^ CP, 
the isomer of chloride of ethylene obtained by Geuther by the 
action of pentachloride of phosphorus on aldehyde, and which 
had previously been obtained by Wurtz by the same method, by 
acting on soaium-alcohol, would yield acetal. But Wurtz and 
Frapolli have found that, although these substances act energeti- 
cally on each other, the action is not in accordance with the 
above equation — no acetal is formed, the principal product being 
a gas, C'^ H^ CI, which was found to be identical in all its pro- 

* R^ertoire de Chinde, November 1868. 
t Connies Rendus, Sqitember 1858.- 
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perties with that produced from chloride of ethylene. By the 
following experiment^ howeveri acetal is formed from aldehyde. 
Aldehyde is mixed with twice its volume of absolute alcohol and 
saturated with hydrochloric acid gas ; two layers are formed — ^a 
lower aqueous layer^ and an upper one consisting of a compound 
intermediate between acetal and chloride of aldehydene^ its com- 
position being C«H9C10«=clH5}oSor acetal, c4H4}<^*' ^ 

CI C*H*}0« 

which chlorine occupies the place of the group C^ H* 0*. It is 
produced in accordance with the equation 

C4H40«+C*H«0«+HCi=C8H9C102+2H0. 

Aldehyde. Alcohol. New body. 

When this substance acts upon ethylate of soda, it gives rise 
to chloride of sodium and acetal, 

C8 H» C10«+ C* H^ NaO«=NaCl+ C" H" 0^ 
Oxychloride of Sodium- Acetal. 

aldehydene. alcohol. 

The acetal obtained was found to have all the properties 
attributed to it by Stas, its discoverer. 

Deville and Caron* have described a method by which they 
have prepared several crystallized minerals. The method em- 
ployed consists in the action of metallic fluorides on oxygen com* 
tomids, either fixed or volatile. It requires a high temperature, 
ut is of very wide application, as the metallic fluorides are sel* 
dom absolutely fixed. Corundum is prepared easily, and in large 
crystals, by introducing into a carbon crucible fluoride of alumi- 
nium, above which is fixed a small cupel of carbon filled with 
boracic acid. The whole is fitted with a good cover, and kept 
for an hour at a white heat. The vapour of the fluoride of alu- 
minium meets that of the boracic acid ; and their mutual action 
gives rise to fluoride of boron and to corundum, which is thus 
frequently obtained in crystals a centimetre in length, but of no 
great thickness, having the hardness and all the other physical 
properties of the natural corundum. 

Rubies are similarly obtained, a little fluoride of chromium 
being added to the fluoride of aluminium ; the operation is con- 
ducted in crucibles of alumina, and the boracic acid placed in a 
cupel of platinum. Blue sapphire and green corundum are pro- 
duced under similar circumstances, the difference in colour 
arising from the difference in the quantity of chrome. Cymo^ 
phane, obtained by the action of boracic acid on fluoride of alu- 
minium and glucinum, resembled the American specimens^ 

* Comptes JUndus, April 1858% 
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Q^hdte was obteiQed by pkciQg a mi^tui^ of fluorfdfi of nlnmU: 
niiim ftnd fluprii)^ of Tsiuc iu vessek of iron, oo»tfiiiiiii9 boracic 
acid placed iu a platinum tray. Tba Gaimite is deposited on 
tbe various parts of the apparatus, in very brilliaut regular octa- 
hedra coloured by the iron. 

. When the boraeic acid is replaced by silicic aeid, and volatile 
fluorides employed, crystalliaed silicates may be obtained. In 
this manner staurotide was obtained in form and in composition, 
like the natural mineral. It is also obtained by heating alumina 
in a current of gaseous fluoride of silicon. The alumina becomes 
changed into cruciform crystaU which have the composition of 
staurotide. 

Rutile was obtained by the decomposition of a fusible titanate, 
more especially titanate of protoxide of tin, with silica. 

According to Lies-Bodart, the metal oaleium is readily obtained 
by the followipg method :^^!Eqttal equivalents of sodium and of 
iodide of calcium are placed in a wrought-iron crucible provided 
with a screw lid. The crucible is then fastened down and 
heated gradually for an hour at a red heat, care being taken not 
to pass or exceed this. When the crucible is cold, tne metal 14. 
found on the surface. In one operation, 3 grammes of calcium 
wei^ obtained With 4 grammes of sodium. 
. The metal is dull in appearance, which arises from its being 
covered bv a thin layer of a blackish substance, believed by the 
^uthor to be fi subo}^de pf calcium, and whieh is readily detached : 
a surface freshly cut has a pale yellow colour with a reddish 
reflexion. Calcium requires a red heat to bum in the air ; onee 
inflamed, it burns with great brilliancy,. projecting sparks* It 
decomposes water at the ordinary temperature. 

Dumas* h^B confirmed this, but hm found that jthe result is 
only obtained when the action takes place in closed vessels.. By 
heating sodium with iodide of calcium at the ordiiuiry pressure, 
the first bura^i and the latter remains unchanged* 

Brewster, more than thirty years ago, described the occurrence 
of cavities and liquids in the crystals of various minerals. Tie 
cavities in some cases were empty, in others contained air and oncf 
or more liquids, They were mostly found in topaz, quartz, iwidr 
amethyst, but were met with in very many minerals, and among, 
others in diamonds. Frequently in one and the same cavity of 
^ quartz or topaz two liquids were found, one of which waa 
heavier than the other, and but little expansible; the other was 
lighter, and extremely expansible. The first was doubtless watefi 
it had the refractive index of that substance. On openpg^^the' 
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oiriti^i the liquid exhibited vmoua comportments ; gpinetimed 
they yanished instantaaeously^ and without leaving a trace ; at 
others they disappeared more slowly^ leaving a fixed residue. 
Hitherto no satisfactory explanation has been afforded of these 
phaenomena. 

Simmler^in a paper in Poggendorff^s Annalen*, has put forth 
the view that the expansible liquid may in many of the cases have 
been liquid carbonic acid. 

Brewster first determined the coefficient of expansion of the 
more expansible liquid^ and found that between 10^ and 96^ it 
expanded from I'OOO to 1*250, or a quarter of its bulk ; between 
the same limits water would only expand from I'OOO to I '003; 
hence the liquid expands eighty-three times as much as water* 
According to Thilorier's experiments, the expansion of liquid 
carbonic acid between 0° and 80° C, is from 100 to 145, which 
gives 0*015 as the coefficient of expansion for I*' €• Now this 
agrees almost exactly with the coefficient of expansion of Brew- 
ster's expansible liquid, which is, between the observed limits, 
1 '01497 for 1 degree Centigrade. 

With reference to the refrangibility of the liquid, Brewster 
found it to be less than that of water, which is 1'3358, though 
not alike in all cases. In a Siberian amethyst he found it to b^ 
= 1'1106, and in a Brazilian topaz =1'1311, The refrangibility 
of liquid carbonic acid does not appear to have been numerically 
determined. Davy and Faraday say that it refracts light n^ore 
feebly than water, while Niemann states that its refrangibility 
is almost equal to that of water. 

Thilorier and Mitchell state that liquid carbonic acid is not 
miscible with water, and floats on it like ether. Brewster ob- 
served the same of the expansible liquid. 

The expansible liquid was in many cases under gr^t pressure, 
producing in some cases an explosion when the mineral was 
broken. Some of the liquids, when the cavities had been bored 
into, rose slowly to the surface, spread out, and assumed a rota« 
itory motion. Simmler suggests that this ph^enomenon is eiq)li* 
cable on the assumption of a spheroidal condition. Nattercnr 
observed that lijuid protoxide of nitrogen might be preserved 
for some time in an open glass. Of compresisible gases which 
might possibly exist in nature, there are, besides carbonic aei4f 
: sulphuretted hydrogen, phosphuretted hydrogen, hydrochloric 
acid, ammonia, and sulphurous acidj and eadb of these waul4 
have been detected by the smell. 

in another paper f Simmler suggests that diamond might 
possibly be also a product of crystaUuiation from liquid corbonio 

♦ December 1S58* fW^ 
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add. Diamond often contains cavities^ and^ as Brewster has 
observed, with accompanying circumstances which point to a 
strong pressure in the interior, although he does not state 
whether they contained water. 

Brewster explained his observations of the coloured rings 
with the black cross, around the cavities, by ascribing to the dia- 
mond a gummy consistence and vegetable origin. Simmler 
suggests that it may rather be compared to that of unequally com- 
pressed glass. 

To confirm this view of the formation of diamonds, it would 
be necessary to prove that liquid carbonic acid possessed a sol- 
vent power for carbon similar to that which bisulphide of carbon 
has for sulphur, or liquid sulphide of phosphorus for phosphoiiis. 
Experiments which Simmler made in this direction with a view 
of preparing liquid carbonic acid by Faraday^s method, gave no 
results, as the tubes always exploded. 

XLIV. On the Action of Pentachloride of Phosphorus on Malic 
Acid. % William H. Perkin, F.C.8., and B. F. Duppa, 
Esq,^ 

THE study of the action of bromine on acetic acid, with which 
we have been engaged for some time, has yielded two ne^ 
acids, representing acetic acid in which one and two equivalents 
of hydrogen are replaced by bromine. 

These acids, bromo- and bibromo-acetic, when treated with 
hydrate of silver or potassium, decompose, yielding a bromide 
and two other acids ; thus, — 

C4(H«Br)04 + AgH0«=C*H4(y+AgBr. 

V V ' »^ y — :' 

Bromacetic acid. Olycolic acid. 

C4(H« Br«)04 + 2 AgHO«= C4 H^ 0® + 2 Ag Br. 

Bibromacetic acid. Glyoxylic acid? 

These acids, it will be observed, differ in composition from 
acetic acid by containing two and four equivalents of oxygen 
more than it, and, strange to say, although representing two 
and three molecules of water, appear to be (under ordinary cir- 
cumstances) monobasic. 

Now there are two bibasic acids known, bearing a similar rela- 
tion in composition to succinic acid as the above do to acetic, as 
may be seen by the following Table :— 

C^H^O* Acetic acid. C^H^Os Succinic acid. 

C4H4 06 Glycolic acid. C^HeO^o Malic acid. 
C* H4 08 Glyoxylic acid. C^ H« 0»« Tartaric acid. 
* Cbmmunicated by (he Authors* 
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From considerations which we shall not discuss here^ it ap- 
peared probable that malic and tartaric acids might be produced 
from succinic acid by a process similar to that by which we ob- 
tained glycolic and glyoxylic acids from acetic acid, namely, by 
treating bromine or chlorine replacement acids derived from 
succinic acid with the hydrate of silver or potassium. Thus 
with monobromo-succinic acid we should expect the following 
reaction : — 

y , » 

Malic acid. 
And with bibromo-succinic acid the following : — 

CB(H'BOO^^-^0,^,Ag|0,^CBH^0^^-|03+2AgBr. 

Tartaric acid. 

We are now (endeavouring to obtain the bromo- or chloro- 
succmic acids, so that we may fully investigate this matter. 

The late experiments of Wurtz on lactic acid show that when 
it is distilled with pentachloride of phosphorus, it yields a sub- 
stance, C® H"* 0^ CI*, which has since been shown to be the 
chloride of chloropropionyle ; for by the action of water it. is 
converted into chloropropionic acid, which, when acted upon by 
nascent hydrogen, is converted into propionic acid. 

We may here mention that we have made similar experiments 
with glycolic acid. This substance, when distilled with penta- 
chloride of phosphorus, yielded oxychloride of phosphorus and 
chloride of chloracetyle, which with water decomposed into hy- 
drochloric and chloracetic acids ; and this chloracetic acid was 
converted into acetic by the action of nascent hydrogen. 

With these results before us, it appeared probable, if malic 
acid stood to succinic acid as lactic and glycolic stand to pro- 
pionic and acetic, that by treatment with pentachloride of phos- 
phorus it would yield a chloride which would represent the 
chloride of chlorosuccinyle, C\^^ C1)0^ CP. 

We Jiave made this experiment, and obtained the following 
results : — 

One part of malate of calcium was well mixed with four of 
pentachloride of phosphorus ; this was then placed in a retort 
connected with a receiver and suitable apparatus for absorbing 
hydrochloric acid. On applying heat to the retort for a few 
moments, chemical action set in and continued for some time ; 
after it had ceased, heat was again applied until no more liquid 
distilled over. 

Phil Mag, S, 4. Vol. 17. No. 114. April 1859. U 
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The distillate was then transferred to It retort and heated. 
Large quantities of liquid came over at 110° G.^ which eonsisted 
of oxychloride of phosphorus : after a time the thermometer 
began gradually to rise ; when it had reached 160^^ the retort 
and contents were allowed to cool to 1E0°; dry air was then 
passed^ in order to separate as much oxychloride of phosphorus as 
possible 5 heat Was again applied^ and the product distilled. It 
commenced distilling at about 170°, the thermometer gradually 
rising; in fact no fijced boiling-point could be obtained, as the 
product decomposed with evolution of hydrochloric acid. 

The substance thus obtained is a colourless mobile liquid, 
heavier than water) when added to cold water, it sinks as an oil. 

With alcohol it reacts powerfully, producing an etherial body ; 
with ammonia it forms a white, nearly insoluble substance. 

We have not been able to obtain thih body sufficiently pure 
for analysis, consequently have had to content ourselves with 
the analysis of its derivatives. 

Attim of Water on tUn CMmde. 

This body, when exposed to atmospheric inoisture for ^ fe# 
days, is entirely converted into a white solid mass. A similar 
result is obtained if it be heated with water. Hydrochloric acid 
is formed, and, on cooling, the liquid deposits the new body; 
this, when washed with cold water and recry^tallized from boil- 
ing water, is obtained in a state of purity. Two combustions of 
this substance gave the following numbers : — 

I. -3715 of substance gave -5597 of carbonic acid and -1238 
of water. 

II. '4200 substance gave '6372 of carbonic acid and '1368 
of water. 

Per-centage composition : — 

I. II. 

Carbon . . . 41-07 41-2 
Hydrogen. . . 3-60 3-6 

These numbers agree with the formula C® H'* 0®> a* may be 
seen from the following Table : — 

Tkeoi^. Mehn of experiment. 

C» = 48 41-3 41-18 

H^ = 4 3-4 8-60 

08 = _64 55-8 

116 100-0 

This acid is evidently fumaric acid; it cannot be maleic^ as it 
is difficultly soluble in water. 
The ether obtained by the action of the above chloride tid 
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dcohol was left in contact with aqueous ammonia ; this in the 
course of a few hours was perfectly converted into a white, nearly 
insoluble powder. This was well washed on a filter with water 
and then with alcohol : a portion burnt with oxide of copper gave 
the following numbers : — 

'2590 of substance gave '4055 of carbonic acid and *1295 of 
water, 

equal to 42*7 per cent, of carbon and 5'5 of hydrogen. The 
formula C^H^N^O^ requires 42*1 of carbon and 5*26 of hy- 
drogen. This substance is therefore fumaramide. 

Prom this it. evidently appears that, when pentachloride of 
phosphorus and malic acid are heated together, oxychloride of 
phosphorus and chloride of fumaryle are formed ; thus, — 

C8H3 0^/n Qg^pjjp^ C8H20^'|q4+pci808+2HC1, 

V , » i , 1 

Malic acid. Fuinaric acid, 

and then 

H« |0^-f2PCP= C«H«0^', CP +2PCP0«+2HC1. 

Chloride of fumaryle. 

Fumarlc acid, chloride of fumaryle, and fumaramide bear a 
very close relationship to succinic acid, chloride of succinyle, and 
succinamide, as will be seen from the following Table : — 

Funmricacid C«H^O«. Succinic acid C«H«08. 

Chloride of fumaryle. C» H- 0^ CP. Chloride of succmyle. C« B* 0^ CK 
Fumaramide C'H^N^O*. Succinamide C^HSN'O*. 

the only difference being that the derivatives of fumaryle con- 
tain 2 equivs. of hydrogen less than those of suQcinyle. In fact 
we think that fumaric acid may be considered as the member of 
a series of acids running parallel to the ordinary oxalic series of 
which succinic acid is a member. 

We are now engaged with the investigation of the action of 
pentachloride of phosphorus on tartaric acid. 



XLV. On a Method of finding the impossible Roots of an Equa- 
tion, in reply to the Astronomer Royal. By Professor 
Challis*. 

IN the course of the proof which I gave, in the Philosophical 
Magazine for February, of the theorem that every equation 
has as many roots as dimensions, I argued, from antecedent alge- 

* Communicated by the Author. 
U2 
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braic principles, t hat i t is allowable to put the general algebraic 
expression z-{-y^ — \ for the unknown quantity of an equation^ 
z and y being possible quantities, positive or negative. When 
this is done, the equation is resolved into two others, containing 
the two quantities z and y*, from which, by elimination, a result- 
ing equation containing only y* may be obtained. Hence, ex- 
cepting the case in which y is zero, I inferred that the resulting 
equation must give a positive possible value of y^. At this point 
of the reasoning Mr. Airy submits ^^ that at present we are not 
entitled to assume that we can obtain a possible value of y* from 
the resulting equation )'* and he goes on to argue that a positive 
possible value of y*^ is proved to be obtainable only in case the 
last term of the equation is shown to be negative. But the 
general antecedent argument proved that the equation must be 
satisfied by a positive possible value of y*, without reference to 
the sign of the last term. Of course I am aware, from the way 
in which Mr. Airy puts his objection, that he does not admit 
the general argument ; but as he has adduced nothing against 
it, I still maintain it to be good, and will add a few more consi- 
derations in support of it, 

* In arithmetic, the diflFerences and the ratios of quantities are 
visibly expressed by numbers, and by means of numbers the 
ordinary rules of calculation, as addition, subtraction, multipli- 
cation, &c., are established. In algebra these rules are adopted, 
not proved; but whereas the letters a and b do not indicate 
which of the quantities they represent is the greater, it is neces- 
sary to operate at the same time by rules which shall make the 
operations independent of relative magnitude. This is eflTected by 
the use of the signs + and — ; and it is the use of these signs 
for this purpose that constitutes the diflFerence between algebra 
and arithmetic. The rules of signs, and the various simple 
form^^of functions strictly algebraic, such as —a?, «""y, + ^^^, 
fli'^^, &c., all flow from this single principled' After establish- 
. ing the different kinds of algebraic operations, and deducing the 
different forms of algebraic functions, it is found that z+y^^^^ 
is a perfectly general algebraic expression, z and y being possible 
quantities, positive or negative. From these principles of abs- 
tract algebra we may proceed to use algebra as an instrument 
of research, that is, for finding from given data an unknown 
quantity. Being provided with rules of operation which are in- 
dependent of relative magnitude, we can, if we call a? the unknown 
: quantity, operate upon it algebraically, and bring it into sym- 
bolic relation with the given quantities, without knowing its 
- magnitude relative to theirs. But the unknown quantity acquires 
by these operations an algebraic expression, and must be included 
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in the general form ^r + y v' — 1 . It is^ in fact, on this account that 
an equation not only gives by its solution the answer to a ques- 
tion which is possible, but also has a symbol to indicate that a 
question is impossible. It is true that, because of the generality 
of algebraic operations in respect to their being independent of 
relative magnitude, several algebraic functions may satisfy at 
the same time the final equation which denotes the relation of 
the unknown quantity to the given quantities. But these are 
all included in the same general form. Hence for the x of an 
equation we may always substitute ^+y V — 1, y vanishing for 
a possible root. These considerations would justify us in saying 
at the very beginning of the theory of equations, that the un- 
known quantity is 2r+y >/ — 1, and that x is substituted for this 
expression for the sake of brevity. Unless this be understood 
to be the signification of a?, the theory does not possess the re- 
quisite degree of generality. If this principle be admitted, the 
method of finding the impossible roots of an equation which I 
have indicated, is a necessary consequence. Mr. Airy will not 
move me from my position unless he points out an error or false 
principle in this a priori argument, or adduces a numerical in- 
stance that contradicts it. 

Cambridge Observatory, 
March 7, 1859. 

XL VI. On the Theory of Elliptically-polarized Light. 
By Professor Challis*. 

I VENTURED, in a former communication (Philosophical Ma- 
gazine for January 1859), to advance the idea that a mathe- 
matical theory of physical forces may be based upon the dyna- 
mical action of a fluid medium pervading space, and so consti- 
tuted that its pressure varies proportionally to its density. The 
theory of light which is generally advocated in the present day, 
assumes that space is occupied by a medium more resembling a 
solid than a fluid, and attributes the phsenomena of light to the 
oscillations of its individual atoms. As the two media cannot 
be identical, or coexist, it is requisite, for the maintenance of my 
views, to inquire how far the phsenomena of light are explained 
by the oscillatory theory ; and in this inquiry I shall be com- 
pelled to canvass freely the views of its supporters. I have 
already shown, in the Philosophical Magazine for February, that 
that theory has hitherto failed to determine the direction of the 
transverse vibrations of a polarized ray, while the hydrodyna- 
mical theory decides on this pbint unequivocally. And even if 

* Communicated by the Author. 
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the direction of the vibrations should eventually be determined 
by having recourse to phsenomena of diffraction, the case of the 
oscillatory theory will not thereby be improved, because the 
usual mathematical treatment of that class of phsenomena is 
more accordant with the hypothesis of a continuous fluid medium 
than with any other. I proceed now, with the same intention, 
to discuss the oscillatory theory of ellipticallv-polarized light; 
and in order to point out the actual state of this theory, I shall 
again refer to the able and useful address of Dr. Lloyd at the 
Dublin Meeting of the British Association in 1857. 

After informing us of recent experiments by which it has been 
established that by reflexion '^all bodies transform plane-polarized 
light into elliptically-polarized light, and impress a change of 
phase at the moment of reflexion,^' Dr. Lloyd adds as follows : — 

" The theoretical investigations connected with this subject 
afibrd a remarkable illustration of one of those impediments to 
the progress of natural philosophy which Bacon has put in the 
foremost place among his examples of the Idola : I mean the ten- 
dency of the human mind to suppose a greater simplicity and 
uniformity in nature than exists there. The phsenomena of po- 
larization compel us to admit that the sensible luminous vibra- 
tions are transversal, or in the plane of the wave itself; and it 
was naturally supposed by Fresnel, and after him by MacCullagh 
and Neumann, either that no normal vibrations were propagated, 
or that, if they were, they were unconnected with the phseno- 
mena of light. We now learn that it is by them that the phase 
is modified in the act of reflexion, and that, consequently, no 
dynamical theory which neglects them, or sets them aside, can 
be complete.'^ 

I believe I am correct in asserting that mathematicians who 
have treated of the hypothetical medium from which transverse 
vibrations have been deduced, have shown that the constitution 
(isotrope) which conducts to transverse vibrations excludes any 
change of density, and therefore excludes any normal vibrations 
that can have connexion with the phaenomena of light. Hence 
if experiment proves, as above stated, that normal vibrations 
have a real effect on phsenomena of light, it follows that the hy- 
pothetical constitution of the luminiferous medium is contradicted 
by fact, and must therefore, by an acknowledged rule of philo- 
sophizing, be abandoned. It will be necessary, if the same 
course of investigation be persisted in, to invent another consti- 
tution of the medium, in order to meet the case of the coexist- 
ence of normal with transverse vibrations. As I am not aware 
that the molecular constitution of a medium having this property 
has hitherto been indicated, I ttink that I shall be^ justified in 
the endeavour to call attention to the theory of luminous rays, 
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which I have advanced in the Cambridge Philosophical Transac- 
tions, vol, viii. part 8, and in the Philosophical Magazine for 
Pecember 1852. I have there demonstrated the existence of 
axes of rectilinear transmission^ and of simultaneous normal and 
transverse vibrations, on hydrodynamical principles, no other 
hypothesis being made respecting the median^ than that the 
density varies as the pressure. Suppose a wave-ray of this 
theory to be incident on a reflecting surface, apd the transverse 
vibrations to be resolved in directions perpendicular and parallel 
to the plane of reflexion. Now although we may not yet oe able 
to determine by mathematical reasoning the precise manner in 
which the ray comports itself at the moment of reflexion, from 
experimental facts we have reason to say that the reflexion does 
not take place strictly at the surface of the medium, but that the 

Eath of the axis of the ray penetrates to a certain minute distance 
elow the surface, Nothing is less unlikely, considering the 
geometrical relations of the directions of the vibrations to the 
superficies of the medium, than that this distance should be differ-r 
ent for the two pets qf vibrations, and that the observed change 
qf phase is owing to this circumstance. 

There is another question relating to this experiment which 
requires an answer. Why is the change of phase not apparent 
unless the incident ray be plane-polarized ? The theory of pq- 
larization, founded on hydrodynamical principles, which I have 
proposed in the Cambridge Philosophical Transactions, vol. viii, 
part 3, gives the following explanation : — If a ray of common 
light be divided into two plane-polarized rays which pursue the 
same course with difference of phase, the compound ray is still 
equivalent to a ray of common light ; but if a plane-polarized 
ray be similarly divided, the compound ray is circularly or ellip- 
tically polarized. The commonly received theoiy of polarization, 
which rests upon the hypothetical medium before referred to, is 
incapable of giving a like explanation, because it is incapable of 
making a distinction between cqmmon light and elliptically- 
polarized light. 

ISeing desirous that the objections I advance against the oscil^ 
latory theory should rest on admissions or assertions made by its 
own supporters, in order to justify the objection just urged, I 
shall refer to a passage in Mr. Airy^s ' Treatise on the Undula^ 
tory Theory of Light.' Near the end of the treatise the follow-? 
ing statement occurs : — ^^ Common light consists of successive 
series of elliptical vibrations (including in this terra plane and 
rircular vibrations), all the vibrations of each series being similar 
to each other, but the vibrations of one series having no relation 
to those of another. The number of vibrations in each series 
must amount to at least several hundreds ; but the seriea XWiA 
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be 80 short that several hundred series enter the eye in every 
second of time/' All that I am concerned with in this state- 
ment is, the evidence it gives that a separate hypothesis, in no^^ 
manner related to the original hypothetical medium from which 
alone transverse vibrations were derived, has been found neces- 
sary to distinguish between common light and elliptically-polar- 
ized light. According to strict deduction from the hypothetical 
medium there is no such distinction*, and consequently, as there is a' 
distinction in fact, the same regvia philosophandi which I referred 
to in speaking of normal vibrations, requires that the hypothe- 
tical medium be abandoned. Mr. Airy's supplementary hypo- 
thesis involves the necessity of indicating the constitution of a 
medium which has the property of producing these alternating 
series of transverse vibrations ; but as this has not been done, I 
beg to call attention to the very simple account of the different 
kinds of light which is given by the hydrodynamical theory. In 
this theory common light consists of quaquaversus rectilinear 
transverse vibrations equal in all directions from the axis of the 
ray, plane-polarized light, of rectilinear transverse vibrations 
parallel to a plane, circularly and elliptically-polarized light of 
circular and elliptical transverse vibrations. 

In a paper " On the Composition and Resolution of Streams 
of Polarized Light'' (Camb. Phil. Trans, vol. ix. part 3), Prof. 
Stokes has adopted Mr, Airy's hypothesis, and argued that the 
transition from one series to the next may be gradual ; but he 
has not indicated a constitution of the luminiferous medium 
which will help us to conceive of a cause for such transitions. 

The success with which the oscillatory theory of light accounts 
for the phsenomena of double refraction has been appealed to ad 
evidence of its truth. But it is to be observed that there are two 
distinct classes of facts to be explained in physical optics ; the 
nature and qualities of luminous rays considered by themselves, 
and the laws according to which they comport themselves when 
they come into contact with visible media. The latter class of 
phsenomena are the more complex ; and the treatment of thenar 
necessitates additional hypotheses respecting the molecular con- 
stitution of these media. In FresnePs theory of double refrac- 
tion, the hypotheses relating to the aether and the refracting' 
media are so blended, that that theory is inappropriate to be a 
test of the constitution of the setherial medium itself. In the 
Cambridge Philosophical Transactions, vol. vill. part 4, I have 
obtained the known equation of the wave-surface, on the hypo- 
thesis that the aether is a continuous medium of variable density 
and pressure, joined with certain other hypotheses relating ex- 
clusively to the molecular constitution of the doubly refracting 
substance. 
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The tendency of recent theories of light has been to evade the 
difficulty respecting the constitution of the setherial medium, by 
seeking to discover only a representation of the facts of light by 
analytical /ormttZee. But the grouping of facts under formulas 
is not the same thing as comprehending them in a theory, which 
always implies the discovery of a modus operandi, A good theory 
of light ought to make known the characteristics of the medium 
through which the phaenomena are produced. 

Cambridge Observatory, 
March 12, 1859. 

XLVII, Proceedings of Learned Societies, 

&OYAL SOCIETY. 
[Continued from p. 228.] 

June 17, 1858. — ^The Lord Wrottesley, President, in the Chair. 
npHE following communications were read : — 
-*- " Note on Sodium-ethyle and Potassium- ethyle." By Edward 
Frankland, Ph.D., F.R.S. 

The recent interesting discovery of sodium-ethyle and potassium- 
ethyle by Mr. Wanklyn, led me to investigate the cause of the non- 
formation of these bodies by reactions analogous to those success- 
fully used for the production of zinc-ethyle and similar organo-metallic 
compounds. In my earlier experiments upon the isolation of the 
organic radicals, I studied the action of potassium and sodium upon 
iodide of ethyle, and found that the latter compound was readily de- 
composed by either of the metals at a temperature of from 100° to 
130° C* The separated ethyle was, however, transformed almost com- 
pletely into hydride of ethyle and olefiant gas, whilst not a trace of 
potassium-ethyle or sodium-ethyle was produced. Mr. Wanklyn has 
since repeated this experiment with the addition of ether, and has 
obtained the same result as regards the non-formation of an organo- 
metallic compound. 

The temperature at which sodium decomposes iodide of ethyle is 
much lower than that at which sodium-ethyle is broken up, conse-* 
quently no explanation of the phenomenon can be obtained from 
this source. In his observations on the formation of ethyle*, Brodie 
mentions that iodide of ethyle is decomposed at 1 70° C. by zinc-ethyle; 
and it therefore occurred to me that sodium-ethyle, owing to its more 
powerful affinities, might effect the decomposition of iodide of ethyle 
at a lower temperature than that at which iodide of ethyle is decom- 
posed by sodium ; in which case the production of sodium-ethyle, by 
the action of sodium upon iodide of ethyle, would be an impossibility. 
Experiment completely confirmed this anticipation. A quantity of 
a strong solution of sodium-ethyle in zinc-ethyle was thrown up into 
a dry receiver filled with mercury, and an equal volume of pure iodide 
of ethyle added to it.^ Immediately on the mixture of the two liquids, 
'^ Journal of the Chemical Society, voL iii. p. 405. 
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a Uvely effervescence set in^ a considerable quantity of gas collected 
xa the receiver, and a white deposit of iodide of sodium rendered the 
liquid thick and turbid. The reaction was complete in two or three 
mmutes without the application of heat. An analysis of the gag, 
previously freed from the vapours of iodide of ethyle and zinc-ethyle, 
showed it to consist of equal volumes of hydride of ethyle and olefiant 
gas, mixed only with a mere trace of ethyle. This reaction may there- 
fore be thus expressed i-^ 

C,H;Na-fC,HJ=NaI + ^*5«}+C,H,. 

It is therefore evident that sodium-ethyle, and the remark no doubt 
applies also to potassium-ethyle, could not be obtained by the action 
of sodium upon iodide of ethyle, even if the decomposition of the 
latter could be effected at ordinary temperatures, since each particle 
of the organo-metallic compound being in contact with iodide of ethyle 
at the moment of its formation, would be instantly decomposed in 
the manner just describedi That olefiant gas and hydride of ethyle, 
with mere traces only of ethyle, constitute the gaseous product of the 
decomposition of iodide of ethyle by sodium, is strong evidence that 
this formation and immediate decomposition of sodium-ethyle actually 
takes place. Sodium-ethyle thus stands in the same relation to iodi(fe 
of ethyle as hydride of zinc does to hydriodiq acid ; and consequentljr 
all attempts to produce hydride of zinc by the action of the metal 
upon the hydrogen acids have failed. These considerations, takea 
in connexion with Mr. Wanklyn's mode of forming sodium-ethyle and 
potassium-ethyle, afford a clue to the nature of the reactions by which 
we shall probably eventually succeed in forming the hydrogen oom« 
pounds of the highly positive metals. Although the hydrogen oom« 
pounds of arsenic, antimony, phosphorus, and tellurium are by no 
means exact analogues of zinc-ethyle, it would nevertheless be interest- 
ing to ascertain the action of sodium upon these bodies, with a view 
to the formation of hydride of sodium. 

The nature of the gas evolved by the action of sodium-ethyle upon 
iodide of ethyle, has some interest in connexion with the formation of 
ethyle by the action of zinc upon iodide of ethyle. Brodie expressed, 
in the memoir above alluded to, an ingenious and highly probable 
hypothesis, that the true source of the ethyle is the decomposition of 
its iodide by zinc-ethyle, thus : 



C,H,Zn+C,H,I=ZnI-f.g*^«} ; 




2{G,HJ)-h2Zn=C,H,-|^^*g«} +2ZnL 

The composition of the gases produced in the above reaction of sq* 
^iuna-ethyl^ upon iodide of ethyle seems, however, to indicate that the 
reverse of this hypothesis is true, and thftt the source of the ethyle is 
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to be found in the primary action of zinc upon iodide of ethyle,— 

2(C,H,I)-h2Zn=g^g»| -f2ZnI, 

whilst the secondary products are derived from the decomposition of 
iodide of ethyle by zine-ethyle, — 

C,HJ+ZnO,H,«^*g«J +C,H,-hZnL 

' "Experimental Inquiry into the Composition of some of thfr^^ 
Animals fed and slaughtered as Human Food." By J. B. Lawes,' 
Esq., F.R.S., F.C.S., and J. H. Gilbert, Ph.D., F.C.S. 

After alluding to the importance of the chemical statistics of 
nutrition in relation to physiology, dietetics, and rural economy, and 
explaining that the branch of the subject comprehended in the pre- 
sent paper is that of Animal Compontion, the authors proceed in 
the first place to state the general nature of their investigations, and 
the manner in which they were conducted. 

To ascertain the quantitative relations, and the tendency of deve- 
lopment, of the different parts of the system, the weights of the 
entire bodies, and of the several internal organs, also of some other 
separated parts, were determined in several hundred animals— oxen, 
sheep, and pigs. 

To determine the ultimate composition, and in a sense the proxi- 
mate composition also, of oxen, sheep, and pigs, and to obtain the 
results in such manner that they might serve to estimate the pro- 
bable composition of the Increase whilst fattening, was a labour 
obviously too great to be undertaken with a large number of ani- 
mals. Those selected were — a fat calf, a half-fat ox, a moderately 
fat ox, a fat lamb, a store or lean sheep, a half-fat old sheep, a fsit 
sheep, a very fat sheep, a store pig, andl a fat pig. 

It is to the methods and the results of the analysis of these ten 
animals, to the information acquired as to the quantitative relation of 
the organs or parts in the different descriptions of animal, and their 
relative development during the fattening process, and to the appli- 
cation of the data thus provided, that the authors chiefly confine 
themselves in the present paper. 

The analyses of the ten animals were planned to determine the 
actual and per-centage amounts — of water, of mineral matter, of 
total nitrogenous compounds, of fat, and of total dry substance— 4n 
the entire bodies, and in certain individual and classified parts of 
the animals. The water, and mineral matter, were for the most part 
determined in each internal organ, or other separated part. But, to 
confine the labour within reasonable limits, and to facilitate as far as 
possible the perception of the practical and economic application of 
the result?, the other constituents enumerated are given in — 

1st. The collective "carcass*' parts; that is, the frame with its 
covering of flesh aiid fat, which comprise the most important por- 
tions sold as human food. 

2ni, The collective "offal" parts; including the whole of the 
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internal organs^ the head, the feet, and, in the case of oxen and' 
sheep, the pelt and hair or wool. 

3rd. The entire animal (fasted live-weight). 
. Referring first to the composition of the *' collective carcass 
partSy' it appeared, comparing one animal with another, that there 
IS a general disposition to a rise or fall in the per-centage of mineral 
matter^ with the rise or fall in that of the nitrogenous compounds. 
In fact, all the results tended to show a prominent connexion he- 
tween the amount of the mineral matters and that of the nitrogenaus 
constituents of the body. 

Comparing the relative proportions of fat^ and nitrogenous com- 
pounds, in the respective "carcasses," it appeared that, in every 
instance excepting that of the calf, there was considerably more of 
dry fat than of dry nitrogenous compounds. In the carcass of even 
the store or lean sheep, there was more than 1|- times as much 
fat as nitrogenous substance ; and in that of the store or lean pig, 
twice as much. In the carcass of the half-fat ox, there was one- 
fourth more fat than nitrogenous matter ; and in that of the half- 
fat sheep, more than twice as much. 

Of the fatter animals, the carcass of the fat ox contained 2^ 
times, that of the fat sheep 4 times, and that of the very fat 
sheep 6 times as much fat as nitrogenous substance. Lastly, in 
the carcass of the moderately fat pig, there was nearly 5 times as 
much fatty matter as nitrogenous compounds. 

From these facts it may be concluded, that in carcasses of oxen in 
reputed good condition, there will seldom be less than twice as 
much, and frequently nearly 3 times as much dry fat as dry nitrogenous 
substance. It may be presumed, that in the carcasses of sheep 
the fat will generally amount to more than 3, and frequently to 4 
(or even more) times as much as the nitrogenous matters ; and finally, 
that in the carcasses of pigs killed for fresh pork, there will seldom 
be as little as 4, and in those fed for curing more than 4 times as 
much fat as nitrogenous compounds. 

The fat of the bones constituted but a small proportion of that of 
the entire carcasses ; whilst the nitrogen of the bones amounted to 
a considerable proportion of the whole. 

It appeared, that whilst the per*centage (in the carcasses) of both 
mineral and nitrogenous matters decreased as the animals matured, 
that of the fat very considerably increased. The increase in the 
per-centage of fat was much more than equivalent to the collective 
decrease in that of the other solid matters, — that is to say, as the 
unimal matures, the per-centage in its carcass, of total dry substance 
—and especially of fat — much increases. 

The carcass of the calf contained 62^ per cent., that of the lean 
sheep 57^rd per cent., that of the lean pig 55|^rd, and that of the 
half-fat ox 54 per cent, of water. " In the carcass of the fat ox 
there were 45^ per cent,, in that of the fat lamb 48#rds per cent., 
in that of the half-fat old sheep 49f rds per cent., m that of the 
fat sheep 39f rds per cent., in that of the very fat sheep only 33 
per cent., and in that of the moderately fattened pig only 38|- per 
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cent, of water. The bones of the carcasses contained a less propor* 
tion of water than the collective soft or edible portions. 

It is inferred^ that the average of carcasses of well-fattened oxen 
will contain 50 per cent., or rather more, of dry substance ; that 
those of properly fattened sheep will contain more still — say 55 to 
60 per cent. ; those of pigs killed for fresh pork rather more than 
those of sheep ; whilst the sides of pigs fed and slaughtered for 
curing will be drier still. Lamb-carcasses would seem to contain a 
smaller proportion of dry substance than those of either moderately 
fattened oxen, sheep, or pigs. Their proportion of bone was also 
comparatively high. Veal appeared to be the moistest of all. The . 
carcass of the calf experimented upon, though the animal was con- 
sidered to be well fattened, contained only 37|- per cent, of dry 
substance. Its proportion of bone was also higher than in any of 
the other animals. 

Next as to the composition of the collective offal parts (excluding 
the contents of stomachs and intestines), the results showed that 
in every case the per-centage of nitrogenous substance was greater, 
and that of the fat very much less, than in the collective carcass parts. 

In oxen and sheep, the pelt, hair or wool, hoofs, stomachs, and 
intestines, taken together, contained a large proportion of the total 
nitrogen of the oifal parts. The portions of the nitrogenous offal 
parts of these animals generally used for food, are, the head-flesh 
with tongue and brains, the heart, the liver, the pancreas, the 
spleen, the diaphragm, and sometimes the lungs. In the pig, the 
proportion of the nitrogenous offal generally eaten, is greater than 
m the other animals; but its proportion of fat is generally also 
greater. 

With the higher per-centage of nitrogenous substance, and the 
less per-centage of fat, in the collective offal parts, they had in- 
variably a less per-centa^ge of total dry substance, and therefore more 
of water, than the collective carcass parts. 

From the composition of the entire bodies of the animals analysed, 
it is estimated, that of mineral mattery the average amount, 'm. store 
or lean animals, will probably be, in oxen 4^ to 5 per cent., in sheep 
3 to 3^ per cent., and in pigs 2^ to 3 per cent. As an average esti- 
mate for the mineral matter in fattened animals, the results indi- 
cated 3^ to 4 per cent, in the live-weight of calves and oxen, 2^ to 
2f per cent, in that of sheep and lambs, and 1^ to If per cent, in 
that of pigs. 

Of total nitrogenous compounds^ there were in the fasted live- 
weight of the fat ox 14^ per cent., in that of the fat sheep 12^ per 
cent., in that of the very fat one not quite 1 1 per cent., and in that 
of the moderately fattened pig about the same, namely, 10*87 per 
cent. The leaner animals analysed contained from 2 to 3 per cent, 
more nitrogenous substance than the moderately fattened ones. 

The Fat formed the most prominent constituent of the dry or 
solid subst&nce of the entire animal bodies. The fat calf alone, 
contained less total fat than total nitrogenous compounds. Of the 
..othet professedly fattened animalsi the entire bodies of the fat ox 
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Imd fkt lamb cohtaihed about 3B per cent., the entire body of the 
fat sheep 35^ per cent., that of the very fat sheep 45f per cent.> and 
that of the moderately fat pig A2\ per cent, of dry fat. 

The average composition of the six animals assumed to be well 
fattened, showed, in round numbers, 3 per cent, of mineral matter^ 
12^ per cent, of nitrogenous compounds, and 33 per cent, of fat, in 
their standing or fasted lire-weight. 

All the experimental evidence conspired to show, that the bo* 
called ** fattening'* of the animals, was properly so designated* 
During the feeding or fattening process, the per-centage of the col» 
lective dry substance of the body considerably increased ; and the 
iktty matter accumulated in muc^ larger proportion than the nitro^ 
genous compounds. The incretise itself, must therefore show a 
less per-centage of nitrogenous substance (and of mineral matter 
also), and a higher one of both fat and total dry substance, than the 
whole body of the fattened animal. 

The knowledge thus acquired of the composition of animals in 
diflRsrent conditions of maturity, was next employed as a means of 
estimating the composition of the increase gained in passing from 
one given point of progress to another. 

To this end, the composition of the animals analysed in the lean 
condition, was applied to the known weights of numbers of animals 
of the same description, assumed to be in a similar lean condition ; 
and the composition of the fat animals analysed, was in like manner 
applied to the weights of the same series of animals after being 
fattened. Deducting the amount of the respective constituents in 
the lean animals, from that of the corresponding constituents in the 
fat ones, the actual amount of each constituent gained was deter- 
mined. The weight of the gross increase being also known, its 
estimated per-centage composition was thus a matter of easy cakm- 
lation. The composition of the increase of 98 fattening oxen, 349 
fattening sheep, and 80 fattening pigs (each divided into numerous 
lots), was estimated in the manner indicated ; and as a control, 
a statement is given of the composition of the increase of the singte 
analysed fat pig, which, at the time it was put to fatten, oorre*. 
uponded in weight and other particulars very closely with the one 
analysed in the lean condition. 

It is concluded, that the increase in weight of oxen, taken over 
Bix months or more of the final fattening period, may be estimated 
to contain from 70 to 75 per cent, of total dry substance ; of which 
^0 to 65 parts will be fat, 7 to 8 parts nitrogenous substance, and 
1 to 1^ mmeral matter. 

On the same plan of calculation, the final increase of skeq^ 
feeding liberally during several months, will probably consist of 75 
per cent., or more, of total dry substance ; of this, 65 to 70 parts 
will be fkt, 7 to 8 parts nitrogenous compounds, and perhaps Impart 
mineral matter. 

The increase of jngs, -during the final two or three months of feeding 
fi>T fresh pork, may be tak^ at 70 to 75 per cent, total dry fu^ 
«taate«fi5to70per cent, fat^ 6 to8 percent, nitrograoiis (robataBMb 
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mid less thaki 1 per cexit. of mineral matter. The increase over th^ 
last few months of high feeding, of pigs fed for curing, will doubtless 
contain a higher per^centage of both fat and total dry substance, and 
a lower one of both nitrogenous compounds and mineral matter, than 
that of the younger and more moderately fottened animal. 

As a general result, it appears that about f ths of the gross increase 
in live-weight, of animals feeding liberally for the butcher, will be 
dry or solid matter of some kind. About f rds of the gross increase 
will be dry fat ; only about 7 or 8 per cent, of the gross increase 
(and scarcely more than -j^h of the total dry substance) will be 
nitrogenous compounds; and seldom more than 1^, and frequently 
less than 1 per cent, mineral matter^ 

In the case of most of the sheep, and of all the pigs, the com* 
{position of whose increase was estimated, the amounts of mineral 
matter, of nitrogenous compounds, of non-nitrogenous organic sub^ 
Stance, of total dry substance, and sometimes of fat, which were 
consumed during the fattening period, were determined ; so that the 
means are at command for studying the quantitative relation of the 
t^mstituents estimated to be stored up in the increase, to those con« 
dutned in the food which produced it. 

taking first the proportion of each class of constituents stored up 
for 100 of the mme monsumed, it is concluded, that in the case of 
sheep, liberally fed on a mixed diet of dry and succulent food, the 
increase of the animal will perhaps generally carry off less than 3 peir 
cent, of the consumed mineral matter— somewhere about 5 per cent, 
(varying according to the proportion in the food) of the consumed 
nitrogenous compounds, and about 10 parts of fat for 100 non-nitro* 
genous substance in the food ; and lastly, that for 100 of collective 
dry substance of food consumed, there will be, in sheep, about 8 or 
9 parts of dry matter in increase stored up. 

The food of the fattening pig contained a much smaller proportion 
of indigestible woody fibre than that of the sheep ; and it appeared 
that the pig appropriated to its increase a much larger proportion o.f 
the organic constituents of its food than the sheep. The average ik 
the estimates for pigs, showed about 1 7 parts of dry substance of 
incT^se stored up, for 100 of collective dry matter of food con- 
sumed. For 100 of non-nitrogenous organic constituents in food, 
about 20 parts of fat were stored up. Of nitrogenous compounds^ 
when the food consisted of about the usual proportions of the legtt* 
minous seeds and cweal gtams, from 5 to 7 or 8 parts were stored 
up for 100 consumed. X'Hien the leguminous se«is predominated^ 
the proportion of the consumed nitrogen stored up was less ; and 
when the cereal grains predominated, it was greater. The estimates 
showed, %hat on the average of the cases, there were 4 or 5 times as 
mudi fat stored up in increase, as there was of fotty matter supplied 
in the food. There was obviously therefore a formation of fat in 
the animal body. 

Eeckoning ike Amount of the respectite aonaiHuents of increase 
stored up, for 100 q^ the collective dry substance of tkefood ccn^ 
mmeSt ^^ ge&eriil result ims «0 follows s^t appeared^ tsat of the 
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about 9 parts of dry increase, in sheep liberally fed on com or oil- 
cake ana succulent roots, for 100 of dry food consumed, about 8 
parts were non-nitrogenous substance, that is, /at. There was there- 
fore only about 1 part stored as nitrogenous and mineral matters 
taken together. The average of the estimates showed the produce 
of 100 of the collective dry substance of the consumed food of sheep 
to be — about, 0*2 part of mineral matter, 0*8 part nitrogenous 
compounds, and 8 parts fat, stored up ; leaving therefore about 91 
parts to be expired, perspired, or voided. 

Taking the average of all the estimates of this kind relating to 
pigs — of the 17:^ parts of dry increase for 100 of dry matter of food 
consumed, about 15f parts were estimated as fat, rather more than 
l^rd part nitrogenous substance, and an insignificant amount as 
mineral matter. On this plan of calculation, therefore, there would 
.appear to be, in the case of fattening pigs, only from 82 to 83 parts 
of food-constituents expired, perspired, or voided, for 100 of the 
collective dry substance of food consumed. 

It is obvious that the ultimate composition of the dry substance 
of increase must be very diiferent from that of the 100 of dry sub- 
stance consumed. This is strikingly illustrated in the case of the 
fat. In most of the experiments with pigs, the fatty matter in the 
food was determined. On the average of the cases it amounted to 
less than ^th as much as was estimated to be stored up in the in- 
.crease of the animals. There was obviously therefore a formation 
of fat in the body from some other constituent or constituents of the 
food. Supposing the fths or more of the stored-up fat which must 
have been formed in the body to have been produced from starch, 
it was estimated that it would require 2^ parts of starch to contri- 
bute 1 part of produced fat. Accordingly, it would appear that a 
much larger proportion of the consumed dry matter is, as it were, 
directly engaged in the production of the dry fatty increase, than is 
represented by the amount of the dry increase itself. 

Thus, taking the average of the cases in which the fatty matter 
in the food of the pigs was determined, it was estimated that 17*4 
parts of dry increase were produced for 100 of dry matter of food 
.consumed. Of the 17*4 parts of dry increase, 16 04 are reckoned 
as fat. But there were oiiy 3*96 parts of ready-form^ fatty matter 
supplied in the food. At least 12* 08 parts of fat must therefore 
have been produced from other substances. If from starch, it would 
require (at the rate of 2+ parts of starch to 1 of fat) 30*2 parts of 
that substance for the formation of the 1208 parts of produced 
fat. The ready-formed fat and the starch, together, thus supposed 
to contribute to the 16 04 parts of fat in the increase, would amount 
to 34*16 parts out of the 100 of dry matter of food consumed. But 
there were, further, 1*36 part of nitrogenous and mineral matters 
stored up in the increase. In all, therefore, 35*52 parts out of the 
100 of gross dry matter consumed, contributed, in this compara- 
tively direct manner, to the production of the 17*4 parts of gross 
jdry increase. 

According to the illu^tratipn ju0t given, it appear^ that.th^re wap 
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pretty exactly twice as much of the dry substance of the food, in* 
yohred in the direct production of the increase, as there was of dry 
increase itself; hence instead of there being, as before estimated, 82 
to 83 parts of the consumed dry matter expired, perspired, or 
voided, without as it were being directly involved in the production 
of the increase, it is to be inferred that, in the sense implied, only 
about 65 parts were so expired, perspired, or voided. 

It having been thus found that by far the larger proportion of 
the solid increase of the so-called fattening animals is really fat 
itself y — ^as moreover, it is probable that, at least in great part, the 
fat formed in the body is normally derived from starch, and other 
non-nitrogenous constituents of the food— and since the current 
fattening foods contain such a very large amount of nitrogen com- 
pared with that eventually retained in the increase — it can hardly 
be surprising that, contrary to the usually accepted opinions, the 
comparative values of our staple food-stuffs are much more nearly 
measurable by their amount of digestible and assimilable non-nitro* 
genous constituents, than by that of the digestible and assimilable 
nitrogenous compounds. 

In order to determine the relative development of the several 
organs and parts in different descriptions of animals, and in animals 
of the same description in different conditions of growth and matu* 
rity, the weights alive, and of the separate internal organs and some 
other parts, of 16 calves, heifers and bullocks, of 249 sheep, and of 
59 pigs, were taken. 

It appeared that in oxen the stomachs and contents constituted 
about 11^, in sheep about l\y and in the pig only about 1^ per 
cent, of the entire weight of the body. The amounts of the intes- 
tines and their contents stood in the opposite relation. They 
amounted in the pig to about 6-^, in the sheep to about 3^, and in 
the oxen to only about 2f per cent, of the whole bod^. These facts 
are of considerable interest, when it is borne in mind that in the 
food of the ruminant there is so large a proportion of indigestible 
woody fibre, and in that of the well-fed pig a comparatively large 
proportion of starch — the primary transformations of which are 
supposed to take place chiefly after leaving the stomach, and more 
or less throughout the intestinal canal. 

Taken together, the stomachs, small intestines, large intestines, and 
their respective contents, constituted, in oxen more than 14 percent., 
in sheep a little more than 1 1 per cent., and in pigs about 1\ per 
cent. With these great variations in the proportion in the different 
descriptions of animals, of these receptacles and first laboratories of 
the food (with their contents), the further elaborating organs, if we 
may so call them (with their fluids), appear to be much more equal in 
their proportion in the three cases. This is approximately illustrated 
in the fact, that taking together the recorded per-centages of 
•'heart and aorta," "lungs and windpipe,*' "liver," "gall-bladder 
and contents," "pancreas," "milt or spleen," and the "blood," 
the sum indicated is for the oxen about 7 per cent., for the sheep 
about 1\ per cent., and for the pigs about 6|^rds per cent. Exclu- 
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ding flt>in this list the bloody which was more than |fd of a per cenb 
lower in amount in the pigs than in the other animals, the soms of 
the per-oentages of the other parts enumerated would agree ereni 
mucn more closely for the three descriptions of animal. 

With regard to the influence of progression in maturity and fttneii 
of the animal^ upon the relative dcTelopment of its serml parts, the 
results showed, that the internal organs and other ofPal-parts piettj 
generally inereused b aeiual weight, as the animals passed from the 
kan to the fat, or to the very fat condition. The per^eentoffe pre^ 
p&rtiam to the whole live-weight, of these offid-parts, u invsmhljF 
dminUhed u the animals matured and fattened. The carcasses, cm 
the other hand, invariably increased, not only in aciuul weight, bat 
in proportion to the whole body. 

'Hie conclusion is, that in the feeding or fattening of animals, tM 
apparatus which subserves for the reception and elaboration of ths 
food does not increase commensurately with those parts whieh it ii 
the object of the feeder to store up from that food. These parts are 
eompnsed in the '* carcass " or frame-work, with its covering of flesh 
and fat. Of the carcasses which thus constitute the greater part of 
theinerease, the nitrogenous portions increase but little, whust the 
fat does so in very much larger proportion. Of the internal psTt|» 
again, it is also the fat which increases most rapidly* 

The maturhig prooess consists, then, in diminishing the prop(uv 
tional amount in the whole body, of the collective muscles, tendoM^ 
vessels, fleshy organs, and gelatigenous matters — the motive and fone^ 
tional, or so to speak, working parts of the body — ^the oonstituenti of 
which alone, can increase the amount, or replace the transformed 
portions, of similar matters in the human body. It oonrists, forther, 
in increasing very considerably the deposition of fut-^acLe of the 
non- flesh-forming, but most concentrated of the respiratory and fat^ 
storing constituents of human food. 

It is then in our meat^eKet, of recognized good quality, to whiek 
is generally attributed such a relatively high Jtesh-forming capacity, 
that we carefully store up such a large proportion of noit-flesh-form- 
ing, but concentrated respiratory mater^. 

One of the most important applications which can be made of a 
knowledge of the composition of the animals whieh constitute the 
chief sources of our animal food, is to determine the main points of 
distinetion between such food and the staple vegetable substances 
which it substitutes or supplements in an ordinary mixed diet. 

By the analysis of some of the most important animals fed and 
slaughtered as human food, it was found that the entire bodies, even 
when in a reputed lean condition, may contain more dry fat than 
dry nitrogenous substances. Of the animals " ripe " for the butcher, 
a bullock and a lamb contained rather more than twice, a moderately 
fat sheep nearly three times, and a very fat sheep and a moderately 
fat pig about four times as much dry fat as dry nitrogenous matter. 
Of the professedly fattened animals analysed, a fkt calf alone con- 
tained rather less fat than nitrogenous compounds. 
- It was estimated, that of the whole nitrogeniow mibstameet of the 
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h&iy, ^Q pier eeut. in the ease of ealves aiid Qxen^ 5Q per ceat, in 
Imiibs and sheep, and 78 per cent, in pigs, ^ould be consumed as 
human food. Of the total fat of the bodies, on the other hand, it 
was auppoaedj that in oalvea and lambs 95 per cent., in oxen 80 per 
eent., in abeep 7^ pev cent., and in pigs 90 per cent* would be so 
applied. 

Aasuming the proportional consumption of the fat and nitrogenoua 
compaunda to be as here estimated, there would be, in the fat calf 
analysed l^ tinie, in the fat ox 2| times, in the fat lamb, fat sheept 
and fat pig nearly 4j^ times, and m the very fat sheep 6^ tunes ai| 
much dry fat as dry nitrogenous or flesh-fbrming ccmstituenta con-» 
IKuned as human food. 

It would perhaps be hardly anticipated, that in the staple of oni! 
meatrdiet, to which such a high relative flesh-fonqing eiapadity is 
generally attributed, there should be found such a high proportioii 
pf non-flesh-^rming to flesh-forming matter as above indicated* 
7be result of such a comparison as present knowled^ permits in 
l^egard to the same point between the staple of our animal food and 
the more important Vij^ds of vegetable food, will certainly not b6 
less iurprisiug. 

, Of the staple vegefahU foods, wh0at'fhur bread is, at least in ihif| 
cQvmtry, th€i most important* It will be interesting, therefore, to 
pontrast with this substance the estimated consumed portions of ^he 
analysed animals. To this end some assumption must be made aif 
to the relative values (on the large scale), for the purposes of ren 
fpiration and fat-storing, of the starch and its analogues i^ bread, 
aiid of the fat in meat* It is assumed that, in round numbers, 1 pail 
of fat may be considered equal to 2^ parts of starch in these respeeta^ 
if^ therefore, the quanti<7 of fat in the estimated consumed portions 
of the analysed animals oe multiplied by 2'5, it is brought to what 
may be conyeniently called its *^ starch-equivalent \ ■' and in this way^ 
the Meat and the Bread can be easily compared with one another^ 
in regard to the relation of their flesh-forming, to their respiratoiy 
apd fat-forming capadties, 

^c](oning the amount^Hsay I per cent. — aS fat in Br^ad itself 
($(pd it probably averages not more than ^ per cent.), to be equal ta 
^ parts of starch, and adding this to the amount of the actual starch 
and allied matters which it on the average contains, the calculation 
giyies — ^assuming this starchrequivalent to represent specially tha 
respiratory and fat-forming, and the nitrogenous substances thei 
^esh-forming matter — 6*8 parts of respiratory and fat-iormmg, to I 
of flesh-forming material, in Bread. 

Ta¥pg the relation of the one class of constituents to the other, 
in the estimated total consumed portions of the animals assumed to 
be in 4t condition for the butcher, there was only one case— that of 
the fat; ealf-rin whidi the proportion of the so measured respiratory 
an4 fat-formingt to the flesbrforming capacity, was in this our meat-i 
diet, lower than in Bread* In the estimated total consumed portiona 
pf the fat px, the proportion of the sfarek-equivaleni of non-flesh-* 
liH^i l9Atter tQ 1 of nitrogenopa compounds, was 6*9, or rathei 
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higher than in Bread. In the estimated consumed portions of the 
fat lamb, the fat sheep, and the fat pig, the proportion was more 
than 1^ time as great as in Bread ; and in those of the extra fat 
sheep it was more than twice as great* Taking the average of 
the 6 cases, there were nearly 10 parts of Harehrequivalent to 1 of 
nitrogenous compounds, against 6*8 to 1 in Bread. In the half-fat 
ox, and the half-fat old sheep, neither of which were in the condition 
of fatness of such animals as usually killed, the relation of the starch-' 
equivalent to the nitrogenous compounds (assuming only the same 
proportion of the total fat as before to be eaten), was in the former 
considerably, and in the latter slightly lower than in Bread, namely, 
as 3-83 to 1 in the half-fat ox, and as 6*28 to 1 in the half-fat old 
sheep. 

It will perhaps be objected, that, when animals are so far fattened 
as to attain the relations above stated, the feeder is simply inducing 
disease in the animals themselves, and frustrating that which, it is 
considered, should be the special advantage of a meat-diet» namely, 
the increase in the relative supply of the flesh-forming constituents 
in our food. It cannot be doubted, however, that in animals that 
would be admitted, by both producer and consumer, to be in only a 
proper condition of fatness, there would be a higher relation of non- 
nitrogenous substance (so far as its respiratory and fat-forming capa- 
city is concerned), to flesh- forming material, in their total consumed 
Eortions, than in the average of our staple vegetable foods. It may 
& true, that with the modern system of bringing animals very early 
forward, the development of fat will be greater, and that of the muscles 
and other nitrogenous parts less, than would otherwise be the case ; 
but it is certain, that if meat is to be economically produced, so as to 
be within the reach of the masses of the population, it can only be so 
on the plan of early maturity. Nor will it be questioned, that the 
admixture with their otherwise vegetable diet, of the meat so pro- 
duced, is, in practice, of great advantage to the health and vigour of 
those who consume it. 

It is true that individual joints or other parts, as sold, will fie-» 
quently have a less proportion of fat to flesh-forming matter than, 
according to the above supposition, will be consumed. Some fat 
will also be removed in the process of cooking. But this portion 
will generally still be consumed in some form. And where fresh 
meat is bought, so also are suet, lard, and butter, which either add 
to the fatness of the cooked meats, or are used further to reduce the 
relative flesh-forming capacity of the collaterally consumed vegetable 
foods. 

. It would, indeed, appear to be unquestionable, that the influence, 
on the large scale, of the introduction of animal food to supplement 
our otherwise mainly farinaceous diet, is to reduce, and not to in^ 
crease, the relation of the nitrogenous or peculiarly flesh-forming, to 
the nonrnitrogenous constituents (reckoned in their respiratory and 
fat-forming capacity), of the food consumed. 

That, nevertheless, a diet containing a due proportion of animal 
food is, for some^rw^on or other^ generally better adapted to meet 
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the collective requirements of the human organism than an exclti- 
sively hread or other vegetable one, the testimony of common ex- 
perience may he accepted as sufficient evidence. Whatever may 
prove to he the exact explanations of the benefits arising from a 
mixed animal and vegetable diet, it is at any rate pretty clear, that, 
independently of any difference in the physical, and perhaps even 
chemical relations of the nitrogenous compounds, they are essentially 
connected with the amount, the condition, and the distribution of 
the fat y in the animal portions of the food. 

Fat is the most concentrated respiratory, and of course fat-storing 
material also, which our food-stuffs supply. It cannot be doubted 
that, independently of the mere supply of constituents, the condi- 
tions of concentration, of digestibiUty, and of assimilability, of our 
different foods, must have their share in determining the relative 
values, for the varying exigences of the system, of substances which, 
in a more general, or more purely chemical sense, may still justly 
be looked upon as mutually replaceable. 

By the aid of Chemistij, it may be established, that, in the admix- 
ture of animal food with oread, the relation (in respiratory and fat- 
forming capacity) of the non-flesh-forming to the flesh-forming 
substances, will be increased; — and further, that in such a mixed diet, 
the proportion of the non-flesh-forming constituents, which will be 
in the concentrated form, so to speak, of fat itself, will be consider- 
ably greater than in bread alone. Common experience also testifies 
to the fact of advantages so derived. It remains to Physiology to 
lend her aid, to the full explanation of that which Chemistry and 
common usage have thus determined. 

'* Note on tbe Formation of the Peroxides of the Radicals of the 
Organic Acids." By B. C. Brodie, F.R.S. 

The researches of Gerhardt showed the close resemblance which 
exists between the monobasic organic acids and the metallic protoxides. 
We have the chloride of acetyle corresponding to the chloride of the 
metal, and the hydrated and anhydrous acetic acid corresponding to 
the hydrated and anhydrous oxide. These investigations have been 
succeeded by others, which have had their origin in the consistent 
development of these ideas. The following discovery extends and 
completes these analogies. I have to add a new term to this series, 
of which hitherto no analogue has existed. This term is the per- 
oxide of the organic radical, — ^the body which in the series of acetyle 
corresponds to the peroxide of hydrogen or barium in the series of 
the metal. Of these remarkable substances I have prepared two, — the 
peroxides of benzoyle and of acetyle ; but the method by which these 
are procured is doubtless of extensive application, and we may con- 
sider ourselves as in possession of a class of bodies of a new order, 
the study of which cannot fail greatly to extend our knowledge. 

These peroxides are prepared by the action of the anhydrous acid, 
of the corresponding chloride, upon the peroxide of barium. It is 
first necessary to prepare this peroxide in a pure condition. This is 
«^ected by precipitation of the isolation of the peroxide of barium in 
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hydrochloric acid by barjta-water> and by drying in ttmeo the pte. 
• npitate thus obtained. The peroxide of barium thus procured is 
perfectly pure^ with the exception of a trace of carbonate. In ap- 
pearance It resembles magnesia. 

To prepare the peroxide of benzoyle^ the chloride of bensoyle and 
the peroxide of barium are taken in equivalent proportions and mixed 
in water. A mutual decomposition takes place ; and a substance is 
formed which, after erystaUiEation from anhydrous etheri gare the 
following results to analysis : — 

Carbon 69*23 

Hydrogen 4*10 

Oxygen 26-67 

100-00 
The calculated numbers for the peroxide of benzoyle are 

Ci, 168 69^42 

Hio 10 4-13 

O, J54 26-45 

242 100-00 

This substance contains aii atom of oxygen more than the anhy- 
drous acid, and (reducing the formula to its simplest expression) one 
atom of. hydrogen less than the hydrated acid. Thus we hare 
Ci4 Hjo O3 anhydrous benzoic acid, Cj^ H^o O^ peroxide of benzoyle, 
and C^ Hg O^ hydrated benzoic acid, C^ H5 O^ peroxide of benzoyle, 
as we have HjO water, and H^ O^ or HO for the peroxide of hydro- 
gen. This body crystallizes from ether in large and brUliant cry- 
stals. Heated a little above the boiling-point of water, it decom- 
poses, with a slight explosion and the evolution of carbonic iUcid. 
Boiled with a solution of potash^ it is resolved into Oxygen gaa and 
benzoic acid. 

The peroxide of acetyle is prepared by mixing anhydrous acetic 
acid and peroxide of barium, in equivalent proportions, in anhydrous 
ether. The mixture is to be eflPected viery gradually, being attetided 
with evolution of heat. The ether, after filtration 'ftt)m the acetate 
of baryta produced, is to be carefully distilled off at a low tempera- 
ture, and the fluid which remains washed with water. After three 
or fbur washings, the water ceases to be acid, and a viscid liquid re- 
mainS) which is the peroxide of acetyle. This substance possesses 
the following properties :-^It is extremely pungent to the taste 5 the 
smallest portion of it placed upon the tongue bums like cayenne 
pepper. The substance suspended in water immediately decolorizes 
a solution of sulphate of indigo. It instantly peroxidites the prot- 
oxide of manganese, and converts the yellow prussiate of potash into 
the condition of ted prussiate. Baryta-water poured upon the sub- 
stance is converted to the conditioti of peroxide of barium, irith for* 
mation of acetate of baryta. Lastly^ a siiigle drop of the substance 
itdelf, nlaced on a watch-glass and heated, ejcplodes with a loud re- 
port) snivt^ring the glass to atott)S« 

To taalyse ^e peroxide of a^tyle^ t availed H^yaetf ^i tts t 
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positimi by baryta-water. An undetermined quanlitj of the sub* 
itaace was thus decomposed* and the oxygen estimated which was 
evolved by the decomposition of the peroxide of barium formed* by 
platina-black, and the acetate of baryta determined as sulphate. The 
result is the same as though the peroxide of acetyle were decomposed 
into anhydrous acetic add and oxygen, thus, 

C,H,0,=C,H,0,+0. 

Thus for every 16 parts of oxygen evolved, 2 equivalents of acetate 
of baryta and 1 of sulphate of baryta, SO4 Ba,, would be produced. 
Now we have 

SO4 Ba, O 
233-2 I 16 :: 100 1 6-86. 

In the actual experiment 1*776 gr. of sulphate of baryta was 
obtained, and 0*1225 of oxygen evolved. 

Vl7^ : 0-1225 :: 100 ; 6-89. 

It has not yet been in my power to pursue further the study of 
these substances. I may, however^ observe, that the peroxide of 
acetyle contains the elements of carbonic acid and of the acetate of 
methyle, and the peroxide of benzoyle the elements of carbonic acid 
and of the benzoate of phenyle. I have ascertained that the peroxide 
of benzoyle, when carefully heated, loses exactly one equivalent of car- 
bonic acid ; but the substance formed, although isomeric with the 
bensoate of phenyle, has not the prof>eifties of that body. It is a 
yellow resiu) soluble in ether and alkalies> from which latter solution 
it is precipitated bv acids. 

The existence of a hydrated peroxide may be anticipatedi inter- 
mediate between the organic peroitide and the peroxide of hydrogen, 
in the same sense as the cranio acid is intermediate between water 
and the anhydrous acid. This substance in the series of benzoyle 
would be Isomeric with salifcylic acid. My efforts, however, to J)ro- 
cure these bodies have, as yet, been unsuccessM '\ and it is to be re- 
membered that we have no evidence of the existence of a hydrated 
Eeroxide of barium, or of any other metiil, corresponding to the 
ydrated protoxide. In the series of ethyle the diatomic alcohol of 
Wortz (€3 Hq OJ is isomeric with the hydrated peroxide. But the 
true peroxide of ethyle remains yet to be discovered. 

The question naturally arises as to what would be the result of 
making similar experiments with the chloride^ and the anhydrides 
of the bibasic acids. Now carbonic acid may be regarded as the 
peroxide of oxalic acid : it is the constant product of the action of 
oxidizing agents upon that body ; and were we able to procure the 
unknown anhydride of oxalic acid, it would not be an unreasonable 
anticipation that with the peroxide of barium it would decompose 
into oxalate and carbonic acid, thus 

2 Ca Oa+Baa Oa=Ca O4 Baa+2C0a. 

A stttiilaif expeiixnent with anhydrous succhilc add would produce 
sUeciaate of baryta and a homologue 0^ carbonie acid, the existence 
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of which is also indicated by other considerations. It is premature 
to dwell upon this point ; but in this direction also I have made 
some experiments. 

^'Notice of Researches on the Sulphocyanide and Cyanate of 
Naphtyle, conducted by Vincent Hall, Esq." By A. W. Hofmann, 
Ph.D., F.R.S. &c. 

The transformation of phenylcarbamide and phenylsulphocarba- 
mide under the influence of anhydrous phosphoric acid, respectively 
into cyanate and sulphocyanide of phenyle, an account of which I 
submitted to the Society several months ago, suggested the proba* 
bility that the hitherto unknown cyanates and sulphocyanides of 
radicals similar to phenyle might be obtained by analogous processes. 

To establish this point experimentally, Mr. Vincent Hall has 
examined, in my laboratory, the deportment of some of the deriva- 
tives of naphtylamine under the influence of agents capable of 
fixing ammonia and its analogues. 

Mr. Hall has found that the crude naphtaline, such as it is ob- 
tained from the gas-works, submitted at once, without sublimation, 
to the action, first of fuming nitric acid, and subsequently of acetic 
acid and metallic iron, furnishes the naphtylamine sufficiently pure 
for these experiments. The crude product thus obtained was 
digested with bisulphide of carbon in order to convert it into najph- 
tyiaulphocarbamide. 

By distilling naphtylsulphocarbamide with anhydrous phosphoric 
acid, Mr. Hall has obtained a beautiful crystalline compound of a 
faint but peculiar odour, readily fusible, eadily soluble in alcohol 
and ether, insoluble in water. 

The analysis of this compound has led to the formula 
Cja Hy NS3= CgQ H,y, Cj NSj, 
showing, that it is in fact sulphocyanide of naphtyle, formed accord- 
ing to the equation : — 

H, J '•' 

Boiled with an alcoholic solution of naphtylamine, this compound 
readily reproduces naphtylsulphocarbamide, which by its insolubility 
is easily distinguished and separated from the sulphocyanide. 

Gently heated with phenylamine, the new sulphocyanide gives 
rise to the formation of a crystalline compound, of properties very 
similar to those of the naphtylsulphocarbamide. This new body is 
phenyl-naphtylsulphocarbamide *, containing — 

(c.sj'- 

C3,H,,N,S,=C,,H„C,oH, U. 

Ha 

* By the action of sulphocyanide of phenyle upon naphtylamine, I have ob« 
talned a crystalline compound very similar in its general characters to the body 
which Mr. Hall procures by the action of sulphocyanide of naphtyle on phenyla* 
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Naphiylcarhamidef as obtomed by the aetion of potassa on the 
corresponding snlpho-compound, or by the distillation of oxalate of 
naphtylamine, is likewise powerfully attacked by anhydrous phos- 
phoric acid. Among the products of dbtillation a compound is 
founds which, by its chemical properties^ is readily identified as 
eyanate ofnaphtyley 

C,,H,NO^=C,H„C,NO„ 
although the small quantity in which this body is produced — ^by far 
the greater amount of the naphtylcarbamide being charred by the 
action of anhydrous phosphoric acid — ^has hitherto prevented Mr. 
Hall from fixing the nature of the compound by an analysis. 

'* Preliminary Account of an Inquiry into the Functions of the 
Visceral Nerves, with special reference to the so-called * Inhibitory 
System/ " By Joseph Lister, Esq., F.R.C.S. Eng. & Edin. 

November 18, 1858. — Richard Owen, Esq., V.P., in the Chair. 
The following communications were read : — 
**0n the Theory of the Vertebrate Skull." [The Croonian Lec- 
ture.] By Thomas H. Huxley, Esq., F.R.S. 

" On the Changes produced in the proportion of the Red Cor- 
puscles of the Blood by the administration of Cod-Liver Oil." By 
Theophilus Thompson, M.D., F.R.S. 

" Further Observations on the Power exercised by the Actiniae of 
our Shores in killing their prey." By R. M'Donnell, M.D. 

" On the Digestive and Nervous Systems of Coccus hesperidum.*' 
By John Lubbock, Esq., F.R.S., F.L.S., F.G.S. 
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[Continued firom p. 231.] 

February 23, 1859. — L. Homer, Esq., in the Chsdr. 

The following communications were read : — 

1» "On the occurrence of Liassic Deposits near Carlisle." By 
E. W. Binney, Esq., F.G.S. 

The author's attention had been drawn by Mr. Richard B. Brock« 
bank, of Carlisle, to the district lying between Carthwaite, on the 
CarMe and Maryport Railway, and the Solway, especially about 
Aikton and Oughterby, as containing a limestone, supposed to belong 
to the coal-measures, but found by Mr. Brockbank to contain an 
Ammonite and other fossils, which he thought to be Liassic. Mr, 



mine. This substance likewise contains 

for 

CiaH,HaN+CaoH,C,NSa-C^H„HaN+C,aH„CaNSa-C34HMN,S^ 
Ax« these two bodies identical, or only isomeric ? [A.W.H.] 



e iiKewise comains 

^84 Hu Njj Sa « Ci2 Hg, C^o H,^ > Na, 
. "a J 
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Binaey sabaeqiientlj went over the district with Mr. R. B-. Brock- 
banki and found that, although the country is thickly coated with 
•boulder-clay or till, yet lias-limestone and shales were observable 
in several spots, in wells, streams, &c., especially at Quarry Gill, 
Fisher's Gill Farm, and in Thombybrook, south-east of Aikton. 
Gryphea incurva and other Grypluea, with Oysters and Ammonites, 
characterize these beds. The area occupied by the Lias is known to 
extend under the rising ground lying between Crofton and Orton, on 
the south, and the Sol way, on the north, comprising Aikton, Thomby, 
Wiggonby, Gughterby, and probably other places on the rising 
ground between the^Carlisle and Maryport, and Carlisle and Port 
Carlisle Railways. 

2. " On the Fossils of the Lingula-flags or Zone Primordiale. 
•^I. Paradoxides and Conocephalus from North America." By J. 
W. Salter, Esq., F.G.S., of the Geological Survey of Great Britain. 

After briefly noticing the relations of the " Zone Primordiale " in- 
stituted by M. Barrande, the author described the remains of a large 
Paradoxides sent from the vicinity of St. John's, Newfoundland, by 
Mr. Bennett. The fossil belongs to a new species of ParadoJtides, 
the largest yet known (9j inches broad), and termed P. novo-re- 
pertui by Mt. Salter. A new species of Conocephalus^ from Georgia, 
was also described from a specimen brought to England by Dr. 
Feuchtwanger, and placed in. the Great Exhibition of 1851; it is 
named C. antiqwttus by the author. As these two genera have as 
yet been known only in the " Zone Primordiale,'* Mr. Salter re- 
gards the above-mentioned specimens as indicative of the existence 
of that geolo^cal formation in the countries here mentioned^ 

The author also referred to ah obscure Specimen of Aiaphas, from 
the " Calciferous sand-rock" of Canada, which he once, but on in- 
sufficient grounds, published as a Paradoxides. 

3. "On a new species of Dicynodon {D. Murrayt) from near 
Colesberg, South Africa." By Prof. T. H. Huxley, F.R.S., Sec. 

For the original specimen from which Prof. Huxley first obtained 
(in the spring of last year) evidence of the existence of this species, 
he was indebted to the Rev. H. M. White, of Andover, who subse- 
quently put the author in communication with the discoverer of thfe 
fossil, Mf. J. A. Murray ; and the latter gentleman having written 
to his father, resident in South Africa, obtained for Prof. Huxley a 
large quantity of similar fossil remains. One specimen in particular, 
having been carefully chiselled out by Mr. Dew, a^rded a complete 
skull of this peculiar and previously Undescribed species of Uicf*- 
Hodon* , 

The author described the distinctive features of this skull in detail. 
Dicynodon Murrayi is distinguished from all the already knowfi 
species by the foUoi^i^g characters \^-^ 

1. The plane of the upber anterior face of the nasal and premax* 
illary beHes Would, if produced^ cut that Df th^ upp^ fikce of the 
parietal at an angte ttf nbottt 9Q\ 
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, S# The siipirfiteinporal fbfiwn are much lohger from withiA out- 
wards than itom before backwards^ owing partly to the shortness ckf 
the parietid region. 

3. The alveoli of the tudos, the transverse section of which is cir- 
cular, commence immediately under the nasal aperture, and extend 
forwards and downwards parallel with the plane of the nasal and 
upper part of the premaxillary bones, and do not leave their sockets 
until they have passed beyond the level of the posterior end of the 
symphysis of the lower jaw. 

4. The nasal apertures are altogether in front of the orbits. 

5. The length of the upper jaw in front of the nasal apertures is 
certainly equal to one-third, and probably to one-half, the whole length 
of the skuU, which is between 6 and 7 inches. 

6. The OS qiiadratum is about half as long as the skull. 

These peculiarities are regarded as sufficient to distinguish Dtcy- 
nodon Murrayi from all others ; and the author stated that he should 
reserve the description of many other anatomical features, which are 
probably more or less common to other Dicynodons, such as the 
bony sclerotic, the bony interorbital septum and vomer, the cha- 
racters of the humerus, of the pelvis, and of the ribs, for wiother 
paper, in which other DIcynodont remains will be considered. 

4. " On the Coal fouUd by Dr. Livingstone at Tete, on the Zam- 
besi, South Africa.*' By Richard Thornton, Esq. 

Mr. Thornton states that this coal is free-burning ; showing no ten- 
dency to. cake ; containing very little of either sulphur or iron, a large 
proportion of ash, but only a little gaseous matter. The result of the 
trial (made in the steam-launch) of this coal, and its appearances, 
favour, in the author's opinion, the idea that the coal, when taken 
from a deeper digging (that which Dr. Livingstone had sent was 
collected at the surface of the ground), will probably contain less 
.ash and a little more gaseous matter. 

March 9, 1859.— Sir C. Lyell, Vice-President, in the Chair. 

The following communications were read : — 

1. " On some Minerals from Persia." By the Hon. C. A. Muh-ay. 
The mineral specimens referred to were obtained from the district 

between Tabriz and the Caspian, especially from the Karadagh 
Range, and consist of native copper, chrysocolla, red oxide and 
black oxide of copper, malachite, azure- copper, bornite, copper- 
glance, copper- pyrites, varieties of galena, zinc- blende, magnetite, 
specular iron- ore, manganese-ore, orpiment, sulphuri and brown- 
coal. The series of copper-ores appears to indicate the existence of 
'considerable masses of metallic mineral, probably in lodes or regular 
veins. The lead-ores have the appearance of having been taken 
either from veins of small size, or from near the surface of the ground. 

2. "On the Veins of Tin-ore at Bvigtok, near Atksut^ QreeH- 
land;" By J. W* Tayler, Esq.* F.O.S. 

Hhsm tin-veins, of which there are about twenty, extend oV^t an 
area of abo«l id€G feet hi length by 80 feet ittbtBadUi; and til«y 
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run in yarious directions, some £. and W.> others N.E. and S.W., 
and others N. and S. They vary from 10 inches to ^ of an inch in 
width ; in the largest veins the tin-ore occupies ahout 1 inch of one 
side of the vein. The veins nearly all occur in a great vein of fel- 
spar and quartz ; which contains also ores of leao, copper, zinc^iron, 
and molybdena, associated with cryolite, fluor-spar^ zircon^ &c. 

3. "On the Permian Chitonidae." By J. W. Kirkby, Esq. 
Communicated by T. Davidson, Esq., F.R.S., F.G.S. 

After having fully noticed the progress of our knowledge respecting 
the palaeozoic Chitons, and those of the Magnesian limestone in 
particular, the author described in detail the characters of Chiton 
LoftusianuSi King, and Chiton Howseanus^ Kirkby, and a new species^ 
referred with some doubt to Chiton, C (?) cordatus ; also Chiton 
antiquus, Howse, which Mr. Kirkby refers to the subgenus Chito- 
nelluSf as well as two new species, C, Hancockianus and C. distortus. 
The specimens on which all these species have been determined 
have been found in the Magnesian Limestone of the neighbourhood 
of Sunderland, Durham, and chiefly in that of Tunstall Hill. 

The author particularly alluded to the great similarity that some 
of the plates of these fossil Chitons have at first sight to Patella and 
Calyptrcetey and recommended that especial care should therefore 
always be taken in the determination of patelliform fossils. 

4. " On the Vegetable Structures in Coal." By J. W. Dawson 
LL.D., F.G.S.. Principal of M'Gill College, Montreal. 

After referring to the labours of others in the elucidation of the 
history of coal, the author remarks that in ordinary bituminous coal 
we recognize by the unaided eye laminae of a compact and more or 
less lustrous appearance, separated by uneven films and layers of 
fibrous anthracite or mineral charcoal. As these two kmds of 
material difiPer to some extent in origin and state of preservation, 
and in the methods of study applicable to them, he proceeds to treat 
of his subject under two heads: — 1st. The structures preserved in 
the state of mineral charcoal. This substance consists of fragments 
of prosenchymatous and vasiform tissues in a carbonized state, 
somewhat flattened by pressure, and more or less impregnated with 
bituminous and mineral matters derived from the surrounding mass. 
It has resulted from the subaerial decay of vegetable matter ; whilst 
the compact coal is the product of subaqueous putrefaction, modified 
by heat and exposure to air. The author proceeded (after describing 
the methods used by him in examining mineral charcoal and coal) 
to describe the tisbues of Cryptogamous plants in the state of mineral 
charcoal. Among these he mentions Lepidodendron and Ulodendron, 
also disintegrated vascular bundles from the petioles of Ferns, the 
veins of Stigmarian leaves, and from some roots or stipes. He then 
describes tissues of G3rmnospermous plimts in the state of mineral 
charcoal ; especially wood with discigerous fibres and also with 
scalariform tissue, such as that of Stigmaria and Calamodendron ; 
and the author remarks that probably the so-called cycadeous tissue 
hitherto met with in the coal has belonged to SigUlarUf. 
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The next chief heading of the paper has reference to structures 
preserved in the layers of compact coal, ivbich constitutes a far 
larger proportion of the mass than the mineral charcoal does. The 
laminae of pitch- or cherry-coal, says Dr. Dawson, when carefully 
traced over the surfaces of accumulation, are found to present the 
outline of flattened trunks. This is also true to a certain extent of 
the finer varieties of slate-coal ; but the coarse coal appears to con* 
sist of extensive laminae of diisintegrated vegetable matter mixed 
with mud. When the coal (especially the more shaly varieties) is 
held obliquely under a strong light, in the manner recommended by 
Goeppert, the surfaces of the laminee of coal present the forms of 
many well-known coal-plants, as Sigillaria, Stigmaria, PoacUes (or 
Nceggeratkia), Lepidodendron, Ulodendron, and rough bark, perhaps 
of Conifers. When the coal is traced upward into the roof-shales^ 
we often find the laminae of compact coal represented by flattened 
coaly trunks and leaves, now rendered distinct by being separated 
by clay. 

The relation of erect trees to the mass of the coal, and the state 
of preservation in which the wood and bark of these trees occur,— 
the microscopic appearances of coal, — the abundance of cortical 
tissue in the coal, associated with remains of herbaceous plants^ 
leaves, &c., are next treated of. 

The author offers the following general conclusions : — 

(1) With respect to the plants which have contributed the vege* 
table matter of the coal, these are principally the Sigillaria and 
Calamiteee, but especially the former. 

(2) The woody matter of the axes of Sigillaria and Calamitea 
and of coniferous trunks, as well as the scalariform tissues of the 
axes of the Lepidodendrea and Ulodendrea, and the woody and vas- 
cular bundles of ferns, appear principally in the state of mineral 
charcoal. The outer cortical envelope of these plants, together with 
such portions of their wood and of herbaceous plants and foliage as 
were submerged without subaerial decay, occur as compact coal of 
various degrees of purity, the cortical matter, owing to its greater 
resistance to aqueous infiltration, affording the purest coal. The 
relative amounts of all these substances found in the states of mine* 
ral charcoal and compact coal depend principally upon the greater 
or less prevalence of subaerial decay occasioned by greater or less 
dryness of the swampy flats on which the coal accumulated. 

(3) The structure of the coal accords with the view that its 
materials were accumulated by growth without any driftage of 
materials. The Sigillaria and Calamitea, tall and branchless, and 
clothed only with rigid linear leaves, formed dense groves and jun- 
gles, in which the stumps and fallen trunks of dead • trees became 
resolved by decay into shells of bark and loose fragments of rotten 
wood which currents must have swept away, but which the most 
gentle inundations, or even heavy rains, could scatter in layers over 
the surface, where they gradually became imbedded in a mass of 
roots, fallen leaves, and herbaceous plants. 

(4) The rate of accumulation of coal was very slow* The di-^ 
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vai^te of the pmcidi fo the northern tempemte 9»i|e, yrvm of biic}i a 
cbfUTfuster that the true oonifers Bhow rings of growth npt largert Qf 
much leM distinct th^n those of many of their northern conge^ers^. 
The Sigilhrue an4 Calamites were not^ as often supposed* succulenl 
plants. The former had, it is true, a very thick eeUular inner baric 2 
but their dense woody ai^es, their thrck and nearly imperishable outer 
bfurk, th^ir scanty and rigid foliage would indicate no very rapid 
growth. In the case of Sigillaria, the variations in the leaf-scars 
in difiisreiit parts of the trui^k, the intercfdation of new ridges at the 
surf^e representing that of new woody sedges in the axis, the 
transverse marks left by the successive stages of upward growUi, aU 
indioate that at least several years must have been required fo^ th^ 
growth of steips pf moderate siz^. The enormous roots of thes<; 
trees, and the conditions of the qoal-swamps, must have exempted 
them from the danger of being overthrown by violence. They pro-i 
bably fell, in successive generations, from natural decay ; and, mak« 
ing every allowance for other materials, we may safely assert that 
every foot of thickness of pure bituminous coal ipiplies the quiet 
growth and fall of at least fifty generations of SigiUaria, and theren 
fore an undisturbed condition of forest«growth enduring throng)^ 
inany centuries, Further, there is evidence that an immense amount 
of loose parenchymatous tissue, and even of wqod, perished by decf^i 
and we do not ix\ow to what extent even the most durable tisspes 
may hay^ disappeared in this lyay ; so that in mapy coal-seams we 
may have only a very smaU part of the vegetable matter pro4uce4* 
Lastly. The results stated in this paper refer to poal-beds of th^ 
9iiddle coa)-measures. A few facts which I hc^ve observed |ead fne 
tp believe that in the thin seams of the lower coal-measures remaim 
of Nceggerathia and liepidodendran are more abundant th^Q in thosQ 
of the middle coal-measuresf. In Ihe upper coal- treasures simi)i^ 
modifications may be expected. These differences have been tq a 
pertain extent ascertainied by Goeppert for some of the coal-beds of 
Silesia, and by I^squereux for those of Ohio ] but the subject i{k 
deserving of further investigation, more especially by the means prpn 
posed in this paper, and which I hope, should time and opportunity 
permit, to apply tp the seventy-sijc successive poal-;heds of ^ 
South Jogging. 



XLVIII. Intelliffenee and Miscellaneous ArHele$. 

BTBAM-rSHIP PBOPULSION, , 

TH^ following are the results of an anticipatiye calculation of 
the probable speed of the * Grreat Eastern ' in nautical miles an 
hour, with diflferent amounts of indicated horse-power, when drawing 

* Paper on Fossils from Nova Scotia, Proc. Geol. Soc. 1B47. 

1 1 may refer to my late paper on Devonian Plants from Canada for an exam- 
pie of a still older coal made up principally of remsina of )<ycopodiaoeoQB planla 
of the geaus PiilqpMiftqih 
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iwetU^-eifht feet of water : — 

Indicated bone-power. Probable speedy knots* 

7000 13 

8000 , 13-6 

9000 ,.., 14-1 

lOOOO...., , 14-6 

JlOOO 15-1 

12000 ..,,,.,... 15-6 

13000........ , 16 

ICarcb 21, 1859. R. 

w i n i i ii jiw m 

NOTB ON THE PQLAI^IZATIQN OF THS I4IGHT OV qOH|:T8. 
BY BIB DAYIP BREWSTBR, 

AltboQgb there can be no doubt as to the accuracy of the ob- 
servations of M. Arago on the indications of polarization disccH 
vered by him in the light of the comets from 1819 to 1835, there 
is nevertheless nothing impossible in the supposition that the light 
mtfy have been polarized after arriving in the terrestrial atmosphere* 
In fact, when we consider that light Js polarized by refraction in 
passing through the coats of the eye, that it is polarized by refraction 
at the four or six surfaces of the object-glasses of an astronomical 
telescope, and also in passing through the surfaces of its eyepieeeg 
and, lastly, that the light of celestial bodies undergoes a slight po<« 
larization by the refraction of the atmosphere, we are compelled to 
admit that the problem of the existence of polarized light in the light 
of comets is not solved. 

I am not aware that those who h^ve observed traces of polarization 
in the light of comets have noted the direction of the plane in whicl| 
it has been polarized ; nevertheless without some such observatioii 
we cannot discover its cause. If the light be polarized in a plane 
passing through the sun, the comet, and the eye, we must infer that 
it is polarized by the refiexion of the light coming from the sun ; if it 
be polarized in an opposite plane, the polarization may be dije to the 
refraction of the atmosphere. If it be polarized quaqvaoeriUBt this 
may be due to three causes ; namely, to refraction by the surfaces 
of the object-glasses and eyepiece, to an imperfection in the anneal* 
ing of the glass of which the lenses are formed, or to the fact of one 
or more of the lenses being pinched in their cell. Supposing it to 
be an effect of the first of these causes, the openings of the object- 
glasses and eyepiece should be reduced to a central band, which 
would eliminate the light polarized in an opposite plane, and leave 
that which it polarized in a plane perpendicular to the direction. 
By turning the telescope or the lenses, the direction of the polariza? 
tion would be changed. 

If the polarization be produced by a defect in the annealing of the 
glass <3i which the lenses are made, as appepu's to be the case in one 
ef Amlci's telescopes mentioned by M. Govi, the existence oi this 
imperfeotbn will be rendered evident by exposing iAk% lenses to po* 
larized light. 
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If the polarization observed be due to the reflexion of the rays of 
the 8un by the comet or its envelopes, small stars will be seen more 
distinctly through it when the polarized light is extinguished by the 
application of a Nicol's prism. 

Whilst I was investigating the polarization of the atmosphere, I 
observed the remarkable fact, that when objects situated far off in 
the open country are rendered indistinct by the interposition of a 
light mist, a part of tlieir distinctness may be restored by viewing 
them through a Nicol's prism, which extinguishes ail the light po- 
larized by the mist in a plane passing through the sun, the object, 
and the eye of the observer. The objects thus rendered more distinct 
and visible were seen through that portion of the mist in which the 
polarization of the light reflected by them was at its maximum. 
This method of rendering visible objects rendered indistinct by fogs 
or mists may, it appears to me, receive important applications in 
military and naval operations. — Comptes Rendus, February 21, 1859, 
p. 384. 



NEW APPARATUS FOR OBSERVING ATMOSPHERIC ELECTRICITY. 
BY PROF. W. THOMSON. 

I have had an apparatus for atmospheric electricity put up on the 
roof of my lecture room, and got a good trial of it yesterday, which 
proved most satisfactory. It consists of a hollow conductor sup* 
ported by a glass rod attached to its own roof, with an internal 
atmosphere kept dry by sulphuric acid : the lower end of the glass 
rod is attached to the top of an iron bar, by which the hollow con- 
ductor is held about two feet above the inclined roof of the building. 
A can, open at the top, slides up and down on the iron bar whicli 
passes through a hole in the centre of its bottom, and, being sup- 
ported by a tube with pulleys, &c. below, can easily be- raised or 
lowered at pleasure. A wire attached to the insulated conductor 
passes through a wide hole in the bottom of the can, and is held by 
a suitable insulated support inside the building, so that it may be 
led away to an electrometer below. To make an observation, the 
wire is connected with the earth, while the can is up, and envelopes the 
conductor — its position when the instrument is not in use. The earth 
connexion is then broken, and the can is drawn down about eighteen 
inches. Immediately, the electrometer shows a large efiPect (from 5 
to 15 degrees on my divided ring electrometer, in the state it chanced 
to be in, requiring more than 100 degrees of torsion to bring it 
back to zero, in the few observations I made). When the surface 
of the earth is, as usual when the sky is cloudless, negative, the 
electrometer shows positive electricity. But w^hen a negative cloud 
(natural, or of smoke) passes over, the indication is negative. The 
insulation is so good that the changes may be observed for a quarter 
of an hour or more ; and when the can is put up, the electrometer 
comes sensibly to zero again, showing scarcely any sensible change 
when the earth connexion is made, before making a new start. — 
Extract of a letter to Dr, Joule in the Proceedings of the Manchester 
Philosophical Society, 
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XLIX. On the Semidiurnal Oscillation of the Barometer. 
By W. S. Jevons, Assayer^ Sydhey Branch of the Royal Mint^, 

1. ^1^0 explain the remarkable double oscillation of the baro- 
L meter which occurs during each day in most parts of 
the world, a theory has been proposed by the eminent meteoro- 
logists Dove and Sabine^ and has, I think, been favourably 
received by the scientific world, which I yet venture to call in 
question. It is concisely stated in Sabine's Notes to ^ Cosmos f/ 
and is somewhat as follows : — In all countries which are not far 
removed from large surfaces of water, the barometer on an ave- 
rage stands highest about 9 a.m. and 9 p.m., and it stands low- 
est at the nearly intermediate hours of 2 or 3 p.m., and 4 or 5 
a.m. (sunrise). This phsenomenon, being of daily occurrence, 
can only depend ultimately on the sun's heat and the rotation 
of the earth ; the intermediate causes yet admit of debate. Now 
as the temperature of the air only undergoes a single oscillation 
during the day, it could only, and in some parts of the world 
does only occasion a single minimum of the barometer during 
the day, and a single maximum at sunrise ; it is supposed, in 
fact, that this is always the effect produced by the agency of 
temperature. But the aqueous vapour contained in the air also 
undergoes a daily variation ; its elastic force is greatest in the 
daytime and least at night, and this varying force must equally 
affect the barometrical column. Now the two undulations thus 
continually produced in an independent manner are superim- 
posed so as to disguise each other, and the result is the semi- 
diurnal oscillation of pressure under consideration. It is the 
great deficiency of aqueous vapour at sunrise which causes a 

* Communicated by the Author, 
t Vol. i. p. xcix. 
PhiL Mag, S. 4. Vol. 17. No. 115. May 1859. Y 
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minimum of the barometer at that period of the day, although 
the low temperature then existing would have an opposite effect ; 
it is the great increase of vapour which raises the barometer to 
a maximum at 9 a.m. ; but the increasing temperature of the 
air then becomes predominant in its effects^ and the afternoon 
minimum of pressure is the consequence. The second maximum 
at 9 P.M. is to be ascribed to the subsequient rapid decrease of 
the temperature. 

2. This theory is supported by many elaborate and ingenious 
researches, by Dove and Sabine, into the daily barometrical curve 
peculiar to various situations. In the interior of Russia (aud 
apparently in Russia only) the curve is of most simple character, 
the barometer having a single maximum at sunrise and a single 
minimum in the afternoon : this peculiarity is supposed to be 
owing to the comparative absence of aqueous vapour in such far 
inland places, the temperature there becoming the entirely pre- 
dominant agent. 

Colonel Sabine takes the opportunity, when speaking of this 
theory, to eulogise " the progress which is made in the physical 
sciences by the aid of mean numerical values,'' and the *'new 
aspect which this beautiful branch of investigation has assumed 
by the separation of the pressures of the aqueous and gaseous por- 
tions of the atmosphere'' Now, while fully admiring the method 
of investigation by mean results, I must object to the almost ex- 
clusive employment of it which now seems usual in meteorology 
and some other sciences ; and I proceed to show that in the case 
of the barometrical oscillation it has led to serious misconcep- 
tions, which a little close inquiry into the known nature and the 
simplest mechanical conditions of the atmosphere must have 
prevented. 

3. The error consists in the whole practice of separating the 
aqueous and gaseous pressures of the atmosphere, and is in origin 
perhaps an error of terms. It is said, indeed, and proved, that 
the pressure of aqueous vapour is independent of the pressure of 
the air. Thus if water be introduced into a perfect vacuum, a 
definite quantity will instantly rise from it and exert a definite 
pressure on the sides of the confining vessel ; for instance, at the 
temperature of 60° P., the pressure exerted will be nearly equal 
to that of a column of mercury half an inch deep. But if the 
space into which we introduce the water, instead of being pre- 
viously vacuous, contain air of any given density and elastic 
force, the quantity of aqueous vapour emitted will still be the 
same (or very nearly), and the pressure of this vapour, which is 
equal to that of half an inch of mercury, will be exerted against 
the confining vessel, in addition to the previous pressure of 
the air. 
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Thus far the aqueous vapour appears to be quite independent 
of the air ; but it should be remarked that whereas water, when 
introduced into a vacuum, instantly exerts its elastic pressure on 
all sides, and instantly diffuses itself through the whole space^ it 
does not, in the presence of air, add its independent pressure with 
equal instantaneity, but, on the contrary, only slowly diffuses itself ^ 
or makes its way among the particles of air; and the more 
condensed the air within the vessel, the more slowly will the 
aqueous vapour thus diffuse itself. 

4. Now a confined vessel full of air does not truthfully repre- 
sent the atmosphere, which has no upper confining surface. The 
pressure of the atmosphere is only the effect of gravity ; and at 
any given place the elastic force which it exhibits is only due to 
the superincumbent weight of air. If the earth^s atmospheie 
were suddenly removed, the water on its surface would evaporate 
with excessive rapidity, and we should soon have a purely aqueous 
atmosphere, of which the pressure would be closely limited by 
the existing temperature. But now, I ask, if the atmosphere 
were supposed to be suddenly rendered perfectly free from 
aqueous vapour, would the evaporation from the water on the 
earth^s surface be so rapid as almost instantly to produce an 
aqueous atmosphere coextensive with the gaseous one? And, 
secondly, would the pressure of the gaseous atmosphere be in- 
stantly increased by the amount of the elastic force of vapour 
due to the temperature at the surface of the earth ? To both 
these questions the answer must be — No, only very gradually. 
It need hardly be said that aqueous vapour is impeded in its 
motion by the presence of air, and that the one only diffuses 
slowly through the other. It would be a very long time before 
the atmosphere could become completely saturated, just as a 
certain length of time is required for a confined body of air to 
become so. 

But the pressure also of the atmosphere could only increase 
in proportion as the aqueous vapour became diffused through it, 
because gravity is the only cause of such pressure, and the mere 
fact of water lying on the surface of the earth cannot increase 
the weight of what lies above. The weight of the atmosphere can- 
not be greater than the weight of its components, of which aqueous 
vapour is one. The lowest strata of the atmosphere will, indeed, 
soon become saturated with aqueous vapour rising from the moist 
surface of the earth ; that is to say, the hygrometer will there 
indicate aqueous vapour of the greatest elastic force possible at 
the existing temperature ; but the real pressure of the atmosphere 
will only be increased by the actual weight of water raised into 
it by evaporation. Although, within four feet or within a mile of 
the earth^s surface, the hygrometer indicates an aqueous pressure 

Y2 
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equal to half an inch of mercury^ the weight or barometric pres- 
sure of the atmosphere will not be increased by this amount until 
the whole column of the atmosphere is saturated^ or, more cor- 
rectly speaking, until the independent aqueous atmosphere is 
fully established by slow diffusion through the gaseous one. 

5. A confined body of air evidently differs in its mechanical 
conditions from the atmosphere, in the fact that the aqueous 
vapour reacts against the upper confining surface of the former, 
and is thus enabled instantaneously to exert a similar pressure 
on all sides ; but the atmosphere is unconfined except by its own 
weight, and affords no fixed fulcrum. If air were impermeable 
to aqueous vapour, none could possibly rise except at a tempera- 
ture exceeding the boiling-point, when the rising vapour would 
become able to lift the atmosphere in mass. But the air is per- 
meable ; and at a temperature of 60°, for instance, water, although 
totally unable to lift the atmosphere by its elastic force, projects 
aqueous vapour into it and causes it gradually to ascend with a 
force equal to half an inch depth of mercury. The elastic force 
of the aqueous vapour is therefore exerted against the obstructive 
power of the air. Ultimately, when the permeation of the one 
through the other is complete, the aqueous vapour will exert 
pressure only against itself, and will be so far independent of 
the air. The atmosphere will then, but not till then, have in- 
creased in total weight or barometric pressure, by the amount of 
the elastic, force of vapour indicated by the hygrometer at the 
surface of the earth. 

6. The above rather tedious but incontrovertible reasoning 
amounts to a reductio ad absurdum of the hypothesis that aqueous 
vapour adds its independent elastic force to the pressure of the 
gaseous atmosphere, a hypothesis which can only have arisen 
from a confusion of terms. The actual weight of the atmosphere 
is what occasions its pressure as measured by the barometer. 
If we wish therefore to separate the aqueous and gaseous pres- 
sures, we must separate (not the elastic force of vapour at the 
surface, but what is very different) the actual weight of aqueous 
vapour contained in the whole column of the atmosphere from the 
united actual weight of nitrogen, oxygen, and carbonic add, 

7. This being clearly understood and allowed, it is almost 
needless to say that the observation of a hygrometer at the sur- 
face of the earth cannot inform us how much aqueous vapour is 
diflftised through the lighter strata of air. The balloon observa- 
tions of the British Association sufficiently prove this ; for in the 
ascent of November 10, 1852, Mr. Welsh determined that within 
an elevation of 22,930 feet the fluctuations of the humidity were 
numerous, " there having been no fewer than four or perhaps 
five different strata of vapour.^' It is further almost certain, as 
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it is indeed almost self-evident^ that, within a very moderate ele- 
vation above the surface of the earth, the humidity as well as the 
temperature of the air, cease to be affected by the daily variation. 
To argue, then, upon the -variations of humidity at the surface 
of the earth as if they extended equally throughout the atmo* 
sphere, as is done in the prevalent theory, is certainly erroneous. 

8. But it remains to be considered how far the daily variation 
of humidity, such as it really exists, is capable of affecting the 
barometer. This we may easily estimate, not by using such a 
complex mode of measurement as the hygrometer, but by simply 
observing what weight of water enters or quits the atmosphere 
daring the various periods of the day. For it is evident that if 
a cubic foot of water, instead of resting on the surface of the 
earth, evaporate and fonn a part of the atmosphere, the weight 
of the latter will be increased by the precise weight of the cubic 
foot of water. Similarly, if a stratum of water a foot deep eva- 
porate all over the world, the pressure of the atmosphere in every 
place will increase by an amount represented by one foot depth 
of water, which is equal to a column of mercury 88 hundredths of 
an inch in depth, since mercury is 13*6 times as dense as water. 
In short, the evaporation of a foot of water will cause the baro- 
meter to rise about nine-tenths of an inch. The precipitation 
of a foot depth of rain, supposing it to extend equally over all 
parts of the globe, must occasion a corresponding fall of the 
barometer. 

Now applying these considerations to one particular subject, 
namely the semidiurnal variation of the barometer, I argue that 
the state of the hygrometer is a matter of perfect indifference, 
and that the evaporation of water by day and its deposition as 
dew at night, or as rain at occasional times, are the only modes 
in which the barometer will be appreciably affected through the 
agency of humidity*. Thus, in a place where the evaporation is. 
30 inches in the year, or '08^ inch in each day on the average, 
the barometer cannot be affected thereby to a greater extent on 
an average during each day than '006 inch (or 082-^ 13*6) ; and 
if, with Dalton, we estimate the yearly depth of dew at 5 inches, 
its average daily effect on the barometer will be only 001 inch. 
These estimations perhaps apply roughly to England, and are 
the total amounts which we have at our disposal to explain a 
daily oscillation of the barometer, there amounting to about 
•030 inch, even supposing that evaporation takes place wholly 
in such a manner as to assist the prevalent theory. 

* Aqueous vapour, while it so remains, expands and contracts by heal 
and cold like any other gas, and may therefore have a trifling effect upon 
the barometer in the same manner as the gaseous atmosphere. 
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9. But, to inquire more precisely what effect the daily varia- 
tion of humidity will have upon the barometer, I refer to the 
following Tables containing the average results of twenty-six 
series of hourly observations undertaken by myself in Sydney, 
at monthly intervals during the years 1855, 1856, and 1857. 

Table showing the daily variation of the Meteorological Elements 
at Sydney, New South Wales. 



Hour. 


Pressure. 


Temperature 
of air. 


Elastic force of 
yapour. 


Evaporation. 


Departure from 
mean in inches. 


mean in degrees 
Fahrenheit. 


Departure from 
mean in inches. 


in inches. 


A.M. 6 


+ 010 


- 6-4 


-•030 


•000 


7 


+ 023 


- 4-8 


-020 


•003 


8 


+•032 


- 21 


-007 


•007 


9 


+ 035 


+ 1-3 


+•007 


•Oil 


10 


+ 029 


+ 4-6 


+ 022 


•019 


11 


+ 015 


+ 7-3 


+•029 


023 


Noon. 


-007 


+ 93 


+ 038 


•026 


P.M. 1 


-024 


+101 


+•028 


•029 


2 


-036 


+ 9-6 


+ •022 


•029 


3 


-041 


+ 8-6 


+ 022 


•021 


4 


-•045 


+ 7-4 


+ 020 


•014 


5 


-034 


+ 4-3 


+ 022 


•010 


6 


-019 


+ 1-3 


+•013 


•006 


7 


-005 


- 6 


+ 002 


•003 


8 


+•007 


- 1-3 


-001 


•002 


9 


+ 018 


- 2 7 


+ 001 


•001 


10 


+ 021 


- 4-0 


-008 


•001 


11 


+ 017 


- 4-7 


-•Oil 


•001 


12 


+ 013 


- 51 


-•015 


•000 


A.M. 1 


+ 006 


- 5-8 


-022 


•001 


2 


-003 


- 6-4 


-024 


•000 


3 


-•008 


- 65 


-026 


•000 


4 


-007 


- 69 


-•027 


•000 


5 


-•001 


- 71 


-029 


•000 



The above results nearly correspond with those derived from 
hourly observations uninterruptedly carried on for eight years at 
the Royal Observatory of Hobart Town, Van Diemen's Land, 
the evaporation, however, not being there determined. 

It is seen that in Sydney the maxima of the barometer occur 
at 9 A.M. and 10 p.m., and the minima at 4 p.m. and 3 a.m. 
These changes of the barometrical pressure, as well as the corre- 
sponding changes of the various elements from which an expla- 
nation might be sought, are shown below. 
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Changes of the Meteorological Elements during the daily 
barometric periods. 


period. 


Barometer in 
inches. 


Temperature of 

air in degrees 

Fahrenheit. 


Elastic force 

of vapour in 

inches. 


Evapora- 
tion in 
inches. 


Equivalent 
pressure in 
inches of 
mercury. 


3 A.M. to 9 A.M. 
9 A.M. to 4 P.M. 

4 P M. to 10 P.M. 
10 P.M. to 3 A.M. 


-I-043 
-080 
+ 066 
-029 


+ 7-8 
+ 61 
-11-4 
- 2-5 


-f033 
-f 013 
-028 
-018 


•021 
•161 
•023 

•002* 


•0015 
•0118 
•0017 
•0003 



10. We have here a clear comparison of the theory of the 
semidiurnal oscillation as generally received, with that condition 
of it to which my arguments would reduce it. If it were true, 
as it probably is not, that the tempei-ature of the air acts in- 
versely, and the elastic force of vapour at the surface of the 
earth acts directly upon the barometer, the motions of the latter 
would be to some extent at least explained. But it is the num- 
bers in' the last column of the Table which truly express the 
whole eflFect of the daily variation of humidity upon the baro- 
meter. They represent the height of a column of mercury, of 
which the pressure is equivalent to that of the water which eva- 
porates during each period of the day. It is evident that not 
only are these numbers quite insignificant in amount, but that they 
also bear no apparent relation whatever to the barometric oscil- 
lations. 

The humidity of the air is, as a general rule, always in- 
creasing by evaporation from the surface of the earth, and the 
barometer therefore has a tendency to be continually rising. But 
by far the largest amount of evaporation is observed to take place 
between 9 a.m. and 4 p.m., during which time the barometer 
falls as much as eight-hundredths of an inch. Neither can the 
upward motion of the barometer from 3 a.m. to 9 a.m. and from 
4 p.Tii. to 10 P.M. be explained by an increase of humidity, be- 
cause the real amount of this increase is so minute. It is ti-ue, 
indeed, that during the night dew is often deposited, the ten- 
dency of which would be to produce a minimum of the baro- 
meter ; but the average amount of dew, I consider, is altogether 
inadequate to this effect in England or any other country. 

11. The prevalent theory, that the semidiurnal barometric 
oscillations are partially owing to the variations of humidity, 
seems to have been derived from the practice of separating the 

* Dew was often detected during this period to the extent of a few 
thousfindths of an inch ; but as the opposite process of evaporation some- 
times proceeded slowly throughout the night, the dew does not appear in 
the average result. 
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amount of the elastic force of vapour^ as indicated by a hygro- 
meter at the surface of the earth, from the total pressure of the 
atmosphere, and considering the remainder as the gaseous pres- 
sure. I have attempted to prove that this practice is erroneous^ 
and can have no possible use or meaning ; so that the theory in 
question will thus be without foundation. But even if we adopt 
the true mode of estimating the barometric effects of the varia- 
tion of humidity^ I have brought some results to show that no 
explanation is obtained of the oscillations of the barometer. 

12. It will not have escaped my readers that, as a further 
consequence of my arguments, the weight of the atmosphere 
must be diminished by the weight of water falling from it as 
rain, and that the barometer must be thereby affected in some 
place or other. The precipitation of a foot depth of rain over 
the whole surface of the earth must cause a uniform fall of the 
barometer to the extent of '088 inch. But the varied conditions 
under which evaporation and the fall of rain take place, as well 
as the many great and complex effects which the removal of in- 
comprehensibly vast bodies of water from place to place must 
occasion, form part of the general mechanical problem of the atmo- 
sphere in which meteorology really consists. I will only notice 
that, in a previous paper " On the Forms of Clouds " (Phil. Mag. 
April 1858), I have shown this same motive Jorce, viz. the dimi- 
nution of weight and pressure produced by the separation of 
cloud-particles and rain, to be the probable cause of those mo- 
tions between masses of air which constitute the cirrus^ the 
cumulostratus, and even the thunder-cloud. 

13. Probable explanation of the semidiurnal oscillation of the 
barometer*. — The doubly-pointed curve which the barometer de- 
scribes during the day, simply indicates a double undulation occa- 
sioned in the atmosphere by the disturbance of the sun's rays. 
This may be explained as follows : — Let fig. 1 represent an atmo- 
sphere reposing on a horizontal 
surface, divided into imaginary 
columns. If the centre column 
A be subjected to the action of 
the sun's rays for any given 
period, say six hours, the air 
will increase in volume and will 
overflow upon the adjoining co- 
lumns B and B'. The baro- 
metric pressure will therefore 
diminish at the base of A and increase at the bases of B and 
B', so that undulations will exist as shown by the line 1^ ; and 

* Being without means of reference, I am unaware whether this theory 
is entirely new ; I have not myself seen it ojivwhere stated. 
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like other undulations^ such as waves on the surface of water, 
will spread to an indefinite distance on each side. But suppose 
that, before they have passed beyond B and B', the action of the 
sun upon A ceases, and terrestrial radiation produces a counter- 
action. The column A contracts; and the columns B and B', 
possessing superior height and weight, will force back a portion 
of air upon A, while other portions overflow upon C and C 
There will soon be a minimum of pressure at the bases of B and 
B', and a maximum at the bases of A, C, and C, as shown b^ 
i;he line 3^. If the sun again act upon A, and even, indeed, if 
it do not again interfere, the undulatory motion will proceed, 
and at the next step we shall have the condition of things shown 
by 3^, and so oo indefinitely. 

14. Upon several mechanical conditions will depend the rate 
at which the undulations will spread. It is plain that if the 
action of the sun recurs at intervals exactly equal to those occu- 
pied by the passage of each undulation, its effect will be to in* 
crease and maintain the undulatory motion, which otherwise 
would die out by friction. From this cause, too, the undulations 
will continually decrease in height as they spread. If the inter* 
vals are not equal, the sun will soon counteract the undulatory 
motion. 

15. Next, instead of supposing the sun to act only on A, let 
it travel along, say over B, C, D, &c., and at such a rate as 
exactly to keep pace with the undulations. After acting for six 
hours upon A, and producing a minimum there as in 1^, the sun 
will begin to act upon B just as a maximum of pressure has oc- 
curred, and its effect will be greatly to increase the overflow of 
air upon A and C, and assist the production of a minimum in B 
and of maxima in A and C. It will further reach C just as the 
maximum has there occurred, its effect being precisely similar to 
that upon A and B, and so on indefinitely. The condition, 
however, still is that the sun moves exactly at the same rate as 
the undulations; otherwise it will 

neutralize its own effect. 

16. To apply this reasoning to 
the actual condition of the atmo- 
sphere, we have only to suppose the 
stratum of atmosphere extended 
round the earth, of which the sec- 
tion is a circle, as in fig. 2, and the 
sun to revolve round the earth, as 
it apparently does in a period of 
twenty-four hours, in the direction 
A, B, C, D. Its action upon A will 
.produce a minimum of pressure there 
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and maxima at B and B'; and, assuming the undulations thus 
produced to travel at such a rate as would carry them round the 
globe in twenty-four hours, the sun will then commence to act 
upon B at the moment at which its maximum of pressure has 
happened. The succeeding minimum at B will therefore be in- 
creased, and maxima will be produced at A and C During 
the same time also the maximum pressure at B' will occasion 
an overflow upon A and C, thtls assisting the direct action of 
the sun. The same undulatory motion will ensue as the son 
passes round to C and D ; and it is evident, as a simple mathe- 
matical consequence of the supposed conditions, that at each 
point of the circle maxima and minima of barometric pressure 
will succeed each other at intervals of six hours. This is repre- 



Fig. 3. 



as 9am: 



O^Jl 



sented in fig. 3, in 
which the ellipse is 
the shape assumed by 
the atmosphere, and 
is supposed to rotate 
round the earth in 
the same period 
the sun. 

17. If, lastly, we 
suppose that an at- 
mospheric undula- 
tion produced by the 5.am 
sun^s action does not travel at the same rate as the suu, the 
question becomes more complex, and the curve produced loses 
its symmetry. The sun probably travels a little the faster, 
so as perpetually to overtake the preceding undulation before it 
is quite accomplished. The effect of this may perhaps be best 
understood from fig. 4, in which is shown the partial interference 




Fig. 4. 



of the maximum (M) 
immediately produced 
by the sun, with the 
maximum (m) occa^ 
sioned by the sun's 
action twelve hours 
previously. The fur- 
ther prosecution of 
this problem belongs 
rather to the mathe- 
matician than the me- 
teorologist; but it is 
not hard to see from this figure why the night minimum is in 
most places deferred till sunrise (5 a.m.), and why it is less 
strongly marked than that occasioned directly by the sun's ray^. 
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18. On this theory, then^ the semidiuroal oscillations are 
supposed to be occasioned by two vast waves perpetually moving 
round the earthy almost like the tides of the ocean. Air of 
of course would not be carried round by these waves,, but a 
general swaying to and fro of the upper parts of the atmosphere 
would be the only actual motion occasioned. The waves origi- 
nate in the sun throwing the air on each side of him ; hence 
there must be a constant tendency to an easterly wind before 
noon, and a westerly wind in the afternoon. 

These daily barometric waves are of greatest height and regu- 
larity in the equatorial regions, and aire not appreciable in the 
polar regions*. The varied shape of oceans, continents, and even 
mountain>chains must produce irregularities, and the change of 
seasons must occasion modifications of the wave- curve, to dis- 
cover and explain which will afford employment to numberless 
students of meteorological science for many years to come. 
Eventually we may hope that an endless variety of facts, only 
apparently capricious, will be made to harmonize together under 
a simple mechanico-mathematical theory, and the science of the 
atmosphere will be raised to a new position.. 

Sydney, New South Wales, 
January 10, 1859. 



L. On the Coloured Houppes or Sectors of Haidinger. By 
Sir David Brewster, K,H.^ D,C.L., F.R.S,^ and Foreigti 
Associate of the Institute of Francef. 

M HAIDINGER^ S fine discovery of the coloured houppes 
• or sectors which are visible in polarized light, and indi- 
cate its plane of polarization, is one of great interest both in its 
optical and physiological relations. Having always believed that 
they were produced by a peculiar structure in the eye, placed 
between the vitreous humour and the sclerotic coat, I could not 
adopt the ingenious explanation of them given by M. Jamin, 
and I have therefore been induced to examine them with some 
care. 

In order to discover their cause, we. must ascertain their size, 
their form, their colour, and the intensity of their light. 

1. In reference to their size, M. Haidinger states that each 
has " an apparent diameter of nearly two degrees,^' that is, four 

* It is probable that, during the passi^ of the sun, a certain overflow 
of air would take place from the equatorial and temperate upon the polar 
regions, followed by a corresponding reflux. An inversion of tl^ barome- 
tric curve would hence result in the polar regions, such as is thought to 
occur. (See 'Cosmos,' Sabine's translation, vol. i. p. 309.) 

t Communicated by the Author. 
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degrees for the diameter of both. I have measured them with 
great care, and have received measurements from others^ and I 
tind the greatest diameter of the two to be 4^ degrees. 

2. The houppes or cohwred sectors have a different appear- 
ance to different persons. The Abbe Moigno describes them^ 
and M. Haidinger has drawn them^ as resembling a handle of 
pale-yellow twigs bound tightly together at their middle^ and 
having on each side of the narrowest part of the bundle two 
small masses of violet or blue light*. Afterwards, however, the 
Abbe made a most important observation, described and drawn 
by M. Haidingerf. He observed the blue masses or sectors cross- 
ing the middle part of the yellow bundle now represented by this 
separation, as consisting of two yellow circular spaces. 

In the numerous observations which I have made, the yellow 
sectors have the appearance as drawn by M. Haidinger, that is, 
there is a certain breadth of yellow light in the narrow part of 
the bundle of yellow twigs ; but they have this appearance only 
when they have a vertical position, that is, when they are perpen- 
dicular to a line joining the eyes. At right angles to this position 
the blue sectors or masses encroach upon the yellow, and occupy 
the middle of the yellow bundle. When the head is turned round, 
the yellow bundle with its middle part turns round also, and is 
always perpendicular to the line joining the eyes, while the blue 
masses or sectors united are always in that line. Beckoning 
from the middle point of the yellow sectors, the angle formed by 
each of them does not exceed 65 degrees, so that the angle of the 
blue sectors must be 115 degrees each. 

3. The colour of the houppes or sectors is a w try faint yellow, 
and a pale blue fully as bright as the yellow. 

According to M. Jamin, the yellow sectors are nothing more 
than portions of the polarized beam which are refracted more 
copiously by the cornea and crystalline when the refraction is 
made in or near a plane perpendicular to the plane of primitive 
polarization, than when it is refracted in or near that plane. 

" The refracted light,'^ he says, ** will therefore exhibit in the 
plane of polarization two obscure sectors [aigrettes) united at the 
centre by their summits, widening towards the circumference, 
and two brilliant sectors of the same form in the perpendicular 
plane. 

The colour of the light thus refracted must be slightly yellow, 
as I have long ago proved |; and M. Jamin finds in this yellow 
light the cause of the yellow sectors, while he regards the two 

* Repertoire d*Optique Modeme, p. 1326. 

t Poggendorflf's Annalen, vol. Ixvii. p. 435; and Repertoire, &c., 
p. 1362. 
X Phil. Trans. 1815, p. 152. Prop. XXV. 
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obscure sectors as made blae by contrast. In order to test this 
explanation^ we must mention that M. Zokalski^ an oculist in 
Paris^ found four persons from whose eyes the crystalline lens 
had been extracted^ and who nevertheless saw the phsenonienon 
of the coloured sectors. Hence it foUows that, as the inner sur- 
face of the cornea has very little refraction^ from its being in 
contact with the aqueous humour^ the sectors of M. Haidinger 
must be produced, on M. Jamin's hypothesis, almost solely by 
the anterior surface of that membrane. 

Ingenious as this explanation is, it is liable to the following 
objections : — 

1. The magnitude of the sectors does not vary, as it ought to 
do^ with the aperture of the pupil, and with the area of the po< 
larized beam. 

2. The yellow sectors ought in every position of the eye and 
of the polarizing prism to have the same form in all sound cor- 
neas : but in the Abbe Moigno's eye, the obscure sectors stretch 
across the centre and separate the yellow ones ; and in my obser- 
vations the phsenomenon varies, as already described, with the 
motion of the head or of the polarizer. 

3. The yellow colour of the sectors is not that which is pro- 
duced by the refraction of polarized light. Their colour is the 
yeUow of the second order of Newton^s scale, whereas the yellow 
produced by refraction, even at the maximum polarizing angle, 
has an entirely diflFerent hue. But even if the colours were the 
same, a single refraction, or even several at such a small angle 
of incidence as that at which the rays are refracted by the cornea, 
could not produce a visible tint. 

4. The blue sectors being, according to Jam in, briUiant, and 
cei*tain1y as bright as the yellow ones, it is impossible that their 
colour can be produced by contrast. I have made many expe- 
riments with yellow and obscure sectors of various relative inten- 
sities^ and I cannot perceive anything resembling the blue sectors 
in question. 

5. If the sectors are produced by refraction, the angular mag- 
nitude of the yellow ones ought to be greater than 65 degrees, 
and ought even to exceed that of the obscure ones. This result 
I have put to the test of direct experiment, by transmitting po- 
larized light through various combinations of very small and very 
convex surfaces of glass. Even when these surfaces are numerous, 
the luminous sectors are greatly larger than the obscure ones. 

6. If the yellow sectors are produced by the refraction only 
of the cornea, their feeble tint should be increased by placing 
before the eye a number of concavo-convex surfaces like those of 
the cornea. I have made this experiment, but no change is 
produced either in the form or intensity of the sectors. 
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As this question is entirely an experimental one^ I have sought 
for an experimentum cruets independent of the preceding consi- 
derations. The two following experiments appear to me to have 
this character : — 

1. If in place of transmitting the polarized light through the 
whole aperture of the pupil^ we look through a small pin-hole 
the fiftieth or sixtieth of an inch in diameter^ the coloured sec- 
tors are seen of the same size and form, but only fainter^ as with 
the pupil when its aperture is a maximum. 

2. If we look through the narrowest slit that admits a suffi- 
cient quantity of lights and give it a motion of rotation in front 
of the cornea^ so that the coloured sectors may be examined 
when produced by light incident in every azimuth^ we shall find 
that the sectors neither change their position nor their form, 
and consequently cannot be produced by the refractions which 
are made by the cornea in every azimuth of polarization. 

If these views be correct, it follows that the structure which 
produces the coloured sectors must exist at the end of the optical 
axis of the eye, and in the retina between the vitreous bumoar 
and the sclerotic coat. The existence of such a structure can 
be determined only by anatomists ; and hence the true cause of 
the coloured sectors cannot be discovered till the structure of the 
retina is better known. The drawings of this membrane by 
Brucke and Eolliker, and of the foramen centrale by Soemmer- 
ing, exhibit no combination of polarizing and refracting surfaces 
capable of explaining the optical phaenomenon ; but in the more 
recent dissections of Mr. Nunneley of Leeds, published a few 
months ago in his * Treatise on the Organs of Vision,^ there are 
obvious traces of the required structure. 

I have long ago proved by unquestionable experiments, that 
there is a part of the retina, corresponding with the sectors, and 
exactly of the same angular magnitude, which becomes sensible 
to light sooner than the rest of the retina, and shows itself in a 
dark reddish spot 4^ degrees in diameter. This property must 
be the result of structure; and if we suppose the spot to be 
covered with a polarizing film, or to have the structure of one, 
all that we require to explain the phsenomenon of the sectors is 
a few refractions, accompanied with polarizatipn, like those which 
take place at the cornea, or with a number of convex or concave 
surfaces. Now it is a remarkable fact, that in Mr. Nunneley's 
drawing of t\ie foramen centrale of the retina there is the appear- 
ance of such a structure*; and as this membrane consists of eight 
layers, including structures of different forms, it is probable that 
the refractions which take place at each, small though they must 
be, may be sufficient to produce the optical phsenomenon. 
* Plate 1. fig. \9. 
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LI. On the Thickness of the Crust of the Earth. By the Vene^ 
ruble John Henry Pratt, M,A., Archdeacon of Calcutta. 

To the Editors of the Philosophical Magazine and JoumaL 
Gentlemen, 

THK question whether the earth^s crust is of comparatively 
small or great thickness is one of considerable interest to 
geologists, more especially because of its bearing upon the theory 
of volcanoes. The only mathematicians who have taken up the 
subject as a branch of physics are, as far as I am aware, Messrs. 
Hopkins, Hennessy, and Haughton*. The result of Mr. Hop- 
kins's investigations is, that the thickness is very considerable, 
amounting to as much as 800 or 1000 miles. Mr. Hennessy 
comes to the conclusion that the least possible thickness is 18 
miles, and the greatest 600 miles. Mr. Haughton makes the 
thickness less than 768 miles, but adds that, in fact, '' the subject 
would appear to be excluded from the domain of positive science, 
and to possess an interest for the mathematician only.'^ 

2. My present object is to point out what appears to me to 
be a fallacy in the last gentleman's reasoning, and also an inad- 
missible assumption in that of the second. Before doing this I 
will trace the evidence upon which Mr. Hopkins's conclusion 
rests. (The notation is changed, as it is not the same in the 
papers I quote in this communication.) 

Mr. Hopkins has deduced the following formula, 

F~P^,_^^ }/ dJ ^ ^ 

2eA pWfl'-hel p^^ dJ 
Jo J« ^ 

where P is the precession of a homogeneous spheroid of ellip- 
ticity 6 ; P' of a heterogeneous shell, composed of nearly sphe- 
rical strata, the outer and inner ellipticities being e and s, a and a 
the mean radii of the bounding surfaces ; a' J p' the mean radius, 
ellipticity, and density of any stratum of the general mass, solid 
or fluid. 

If we assume that the strata decrease in ellipticity in passing 
downwards (which is the result of the usual theory of the earth's 
figure), «'— 8 is never negative, and the fraction on the right 
hand is never negative, and is never so large as unity. Let 
it = fi. Calculation makes P = 57" nearly; observation makes 

♦ Mr. Hopkins in Phil. Trans, for 1839, 1840, 1842; Mr. Hennessy in 
Phil. Trans, for 1851 ; Mr. Haughton in the Transactions of the Royal 
Irish Academy for 1852. It is only about a week ago that I first saw the 
last of these papers. 
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F=50"'l. Hence the above formula gives 



ff 



- =7_^^ Qj. f Iggg than 7g^ 



€ 



Hence, because the ellipticity decreases in descending, the thick- 
ness must be greater than would correspond with an ellipticity 
of the inner surface of the shell =^ ellipticity of the outer 
surface. 

If solidification took place solely from pressure, the surfaces 
of equal density would be surfaces of equal solidity. From the 
ordinary theory of the figure of the earth, considered as consist- 
ing of strata (whether fluid or not) which follow the fluid law 

and the law of density — 2_^ Mr. Hopkins shows that if the 

ratio of the mean density to the superficial density = 2 '4225, 
the thickness of the crust must be one-fourth of the radius, if 
the ellipticity of the inner surface = J e ; if the ratio of densi- 
ties is a little larger than 3, the thickness is one-fifth of the 
radius. But the ratio of densities is generally regarded as less 
than the smaller of the above ratios. Hence- we shall not be 
over the mark in stating that the crust, under the hypothesis 
that the solidification is produced by pressure alone, cannot be 
less than one-fifth or one-fourth of the radius in thickness. 

But solidification depends upon temperature as well as pres- 
sure, and Mr. Hopkins shows (Phil. Trans. 1842) that the iso- 
thermal surfaces increase in ellipticity in passing downwards. 
Now the ellipticities of the surfaces of equal degrees of solidity 
must, under the double action of temperature and pressure, lie 
between those of temperature and pressure considered alone. 
Hence the surface of equal solidity passing through any point 
will be more elliptic than the surface of equal pressure -or density 
passing through that point ; and therefore the inner surface of 
a solid shell, of which the ellipticity is |€, will be lower down in 
the mass than a stratum of equal density of that same ellipticity ; 
and the shell will be thicker than if pressure alone cause solidi- 
fication. Also since 13 is not negative, the shell for that reason 
will be thicker. The thickness, therefore, of 800 or 1000 miles 
is by no means too large a limit, 

3. Mr. Hennessy^s greatest thickness is 600 miles ; and his 
conclusion is that the thickness may be so small as 18 miles. 
But his whole calculation proceeds upon the assumption that 
the shell is sufficiently rigid to resist, without change of form, the 
pressure upon its inner surface which arises from its not con- 
tinuing to be a surface of fluid-equilibrium. He supposes also 
that the inner nucleus shrinks in cooling more than its solid 
envelope, which is hardly allowable. Under these circumstances. 
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Im tcmebmon can hardly be recdyed in opposition to the mora 
sure residts of Mr, Hopkins. 

4u With regard to Mr. Haugfaton^a investigations^ it appears 
to me that^ owing to a fallacy in the reasonings his conclusions 
do not prove anything whatever regarding the proportion of the 
solid to the fluid parts. He obtains the following equation of 
the surface of any stratum : 

and by differentiation deduces ^if we put 3 I p'a!^dcf=z(^(a)) 

s+i^ii-sO-^))-"- • • • « 

It is in the next five lines (p. 265) that the fallacy lies :-^ 
"This equation [viz. (2)] is identical with that derived from the 
supposition that the earth is completely fluids and is therefore 
independent of the law of density and ellipticity of the solid 
parts of the earth : it determines the relation which necessarily 
exists between the law of density and ellipticity of the fluid por- 
tions of the earth." But this is not the case, if in equation (1\ 
we assign different laws of density and ellipticity to the solia 
parts and to the fluid parts^ the integrals will be discontinuous^ 
the break being at the bounding surface. Thus the p^ in the 
second and third integrals not being the same function^ equa- 
tion (2) does not follow from equation {I) by differentiation. In 
fact equation (2) assumes that the law oi density and ellipticity 
is continuous throughout the whole mass, solid and fluid, the 
solid parts lying in strata of the form and density they would 
have if they were wholly fluid. The question is, in fact, treated 
By Mr. Haughton purely in a mathematical, and not in a phy- 
sical manner. There is no condition or datum introduced to 
show what is fluid and what solid. The reasoning therefore 
which follows falls to the ground. The application to the case 
of a homogeneous body (in p. 267) proves nothing regarding 
solidity or fluidity. It is merely an algebraical, not a physical, 
problem of densities^ and is this :— '^ If the earth consist of two 
^homogeneous portions (solid or fluid, in part or in whole) 
bounded by a surface of equilibrium; and the outer portion 
have the density of superficial rock, and the nucleus such a den- 
sity as to make up the whole mass of the earth ; how thick is 
the outer portion ? '' The answer is 768 miles, a result which 
proves nothing regarding the thickness of the solid crust of the 
earth. The result which follows if the nucleus be not homoge- ' 
^ Phil. Mag. S. 4. Vol. 17. No. 115. May 1859. Z 
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neoos is eelf-evidenti but^ as in the former case^ shows nothitig} 
regarding solidity or fluidity, but only density. 

6. Mr. Hopkins^s conclusion stands therefore unaffected^ andj 
as it appears to me^ is the only physical investigation of the 
subject upon which any reliance can be placed. The only 
assumption is that the earth was once fluids or sufficiently so to 
have the arrangement of its parts regulated according to fluid 
laws. The remarkable correspondence between the ellipticity 
pf the earth deduced upon this hypothesis and with the law of 

density — — (in itself ct priori a very probable law), and the 

mean ellipticity deduced fi'om the geodetic measurement of the 
surface, is an immoveable argument in favour of the hypothesis. 
And the near coincidence between the amount of precession ob- 
served, and that calculated from the above law of density, is an 
equally satisfactory argument that this law is the true pne^ 

6. That the crust cannot be thin, as some have conceived^ 
appears also from the following considerations. The Himalaya 
Mountains and the neighbouring mountain-ground may be 
roughly regarded as a band of superabundant matter lying oa 
the surface of the sea-level, about 200 miles wide, 1000 miles 
long, and 3 miles high. The vast ocean stretching south of 
India may be regarded as another vast hollow of still larger di- 
mensions, and of a general depth equal to half the mean depth of 
the ocean (as water is about half the density of rock), which in 
some parts we may take to be four miles. Now the deficiency 
of pressure arising from this hollow, and the excess of pressure of 
the mountain-region, must combine, through the intervention of 
the fluid or lava beneath, and produce a strain upon the crust 
which the crust might perhaps sustain if the strain acted by thrust 
and not by tension ; but (as Mr. Airy has shown in the Philor 
sophical Transactions, 1855, p. 102) no rock is. sufficiently co- 
herent or sufficiently free from cracks to withstand the tension 
which the weight of the superincumbent matter would produce 
in some parts of the crust, even if so thick as 100 miles. If, 
then, we add to this the effect of the deficiency also arising from 
the ocean (of which Mr. Airy takes no account), a crust as thick 
as 200 miles would not resist the tendency to crack and open in 
some parts ; in which case the mountain-region would subside 
and the ocean-bed rise up, and the present aspect of the surface 
could not continue. It has been suggested that the crust may 
project downwards into the lava so as to be supported by buoy- 
ancy. But this will not produce the desired effect ; for the 
crust being formed from the fluid, will have pretty nearly the 
same density as the parts of the lava from which it was formed^ 



Digitized 



by Google 



theOruit of the Earth. 



881 



if anytluBg^ it will be somewhat more d^nse. Hence the fiupev- 
mcumbent mass will have its whole effect^ and the least thick- 
ness must be determined from the condition that the 3tiperin« 
lambent weight is not sufficient to break it through. 
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Let E F A B C be a meridian section of the continent of India 
■and of the ocean ; A the foot of the mountains ; F, Cape Comorin 
supposed on the same level, that is, the sea-level O F A M C. 
Let AM=w; Aa=st, BJ=^, the thicknesses of the crust at A 
and B; BM=A, Let C be the cohesive force of the rock, or 
the length of rock of a \init section the weight of which equals 
the cohesiye force on a unit of surface of the joints Aa,Bb,Cc. 
Now if the mass Ac sink, it will do so by opening at A, C, i; 
and it will be prevented sinking thus by the cohesive force of 
the parts of the crust at the joints. Let the unit of mass be 
that whose transverse section is a unit of surface. The moment 
of the weight of AB M about the fulcrum asswx^hx §w=^wH. 
And the moments of the cohesive force at the joints A a, B i, to 
turn A i in the opposite direction about a=C x ^t^ and C x |/'*^ 



...^«,«.A=JC(<«+n or C=|^,= (|!)'| nearly. 
Wow A=4 miles for the Himalayas, and m;= 100 miles. Hence 



^= 



200 ., 
-— == miles. 
V'SC 



Mr. Airy states that the crust could not exert such a cohesive 
force as to make C so much even as one-fifth of a mile. In this 



case even the thickness t 



=200^ = 



260 miles. 



If the same formula be applied to the ocean south of Cape 
Comorin, u;=1500 miles suppose, A= 2 miles; and therefore 



ifC=^ 



7f 



/=! S/y/^ =2700 miles; 



or it would require this thickness to produce sufficient cohesive 
force to resist the tendency of the lava to break up the ocean- 
bed, in consequence of the deficiency of weight, If the thick- 
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4ieMi ireite kit fhanihit, tlnivmiltatitof AecoliiMdVB force would 
.J»e leiB, and iho enist wotdd oradc at some intenDediate point. 

E^eiy phynoal consideration seema to indicate that the cru^ 
must be very thick; and the only real calculation of ita li&iiti> 
ing thickness on physical principles^ viz. that of Mr. Hopkins^ 
should be received. 

The fbrm the sur&ce at present ei^bits may be snpposed to 
have arisen from the contraction and expansion of the parts of 
this thick cmst since it first began to form, producing hollows 
in which seas and oceans have gathered together their waters, 
and elevations in continents, taUe4ands, and mountains ; and 
therefore the variations of the surface, under its present aspect, 
are not at all regulated or produced by hydroatatical principles. 

ddcutte, Feb. ^, I85d. 



Lllk A brkfAemaU of «h Inda^Hon GoU of great power m jpro» 
portum to iH Imgth. By the Rev. N. J. Gallah, 2>.JD., Pr^ 
feeeor ^ NiLturul Phibmphy m M&yfkootk College^, 

IN the construction of induction cOils^ the principal object of 
some seems to have been to make the coil in such a wav^ 
that with a given length of secondary wire the longest sparks 
mav be obtained. It appears to me that it would be better to 
^ake induction coils so that, with a ^ven battery, sparks of the 
grtotest length may be produced. The longer the coU is, the 
greater will be the resistance of the primary wire to the current 
of the battery, and the greater the number of cells which will be 
required to overcome that resistance and saturate the core with 
magnetispi* Hence it is a mattef* of great importance to make 
coils in such a way that, whilst they are short, they may pro- 
duce very long sparks. I have endeavoured to do this; and 
though the primary and secondary eoils of the induction coil I 
have made axe verv imperfect, I have succeeded tolerably welL 

The primary coil is made of thick copper wire about 140 fe^ 
long : it is 10 inches in length. The conducting power of the 
copper wire was injured by being frequently coiled on eledro- 
mi^ets, or on cores of inauction coils. 

The secondary coil consists of three small coils : two of them 
arc 1| inch long, the third is only 1| inch. Hence the entire 
length of the secondary coil is 5 inches. It is only half the 
length of the primary coil, and is therefore not finished. The 
secondary coil id made of iron wire, No. 34 gauge ; the thick- 
ness of the wire is about the y^vth of an indi. The wire ia 
eovered only partially with cotton tnread. Between each two ad«> 

lliyyiejIttfluNb 
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joining epinda of tlie thread wound onthe wii% th«VQ UsiifficNait 
room for anotiier spiral of thr«ad, and on a groat part of tha 
wire thero is ipaoe enongh to admit tbroo or four threads, I 
adopted this mode of covering the wire in order to sayo timo* 
With the same view^ I axranged our maobino for windbig thread 
on wire ao that by one and the same operation I covered the 
wire with thread and wound the wire ou the eoil« I fear that 
in many parts of the coil the bare or uncovered part of one wire 
is in contact with some parts of the adjoining wires. Each layer 
of spirals is brushed over with a hot solution of gutta percha 
dissolved in rosin oil. The solution is so thick« that when cool 
it takes the form of a paste. Each layer of spirals is insulated 
from those of the layer above and below it by paper saturated with 
the solution of gutta percha^ in the manner described in the paper 
which I read at the Dublin Meeting of the British Association 
ia 1867i and which was published in the Philosophical Magasine 
fyt the following November, I have, in one instance seen sparks 
passing through the three thicknesses of paper^ by which the 
spirals in one layer are insulated from those of the one above 
it. Hence the insulation of each layer of spirals from those abova 
and below it is defective. 

In trying the two parts of the coil which were first made^ I 
observea^ as often as sparks passed between the terminals of the 
coil, a great number oi very minute sparks on the outside of one 
of the two parts. This made me suspect that these sparks were 
passing from some spirals to the adjoining ones. When I had 
finished the third part of the coil^ I abstained from brushing 
over the outside spirals with the solution of gutta percha^ in order 
to see whether sparks would pass from one spiral to another^ 
As soon as the battery was connected with the primary coil by 
means of our mercurial contact-breaker^ sparks passed from the 
bare parts of several wires to the contiguous ones. When any 
part was brushed over with the gutta-percha solutioUi the sparks 
ceased there^ but became more numerous in some other part. 

This coil^ though only 9 inches long, has, notwithstanding 
all its defects, given sparks 4^ inches in length with three eells 
of the Maynooth battery, each 4 inches square. I have not 
seen an account of an^ coil which with so small a battery has 

g'ven sparks so long m proportion to the length of the coil, 
n account of the imperfect insulation of the secondary eoil, I 
am afraid to use a more powerful battery. 

I intend to make a new primary coil about 36 inches long^ 
and twelve small secondary coils^ each about 2 inches in length. 
From this coil I expect to get, with a small battery, sparks 80 
Qr .24 inches long. 

i have made several interesting experiments on. the varioua: 
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^arts of the coil> which 1 have not time at present to describe*' 
Many more remain yet to be made« When they are finished^ I 
shall prepare an account of them for publication in the Philoso^ 
phical Magazine* 

My object at present is^ first, to show that iron wire, though far 
inferior to copper in conducting power, is not unfit for second-^ 
ary coils; secondly, to direct attention to the importance of 
making induction coils so that with a given length, not of the 
Secondary wire, but of the coil, the longest sparks may be pro** 
duced ; and thirdly, to show that a mere covering of the second-* 
ary wire with thread of any kind is not sufficient to insulate the 
spirals of any layer from the adjoining ones of the same layer, 

Maynooth College, April 4, 1869. 



LIII. On a New Form of Telegraph Cable intended to reduce the 
effects of Inductive Action. By J. N, Hearder, Electrician, 
Plymouth*. 

IN my last paper I described the nature of the inductive action 
which takes place during the transmission of electrical cur- 
rents through insulated submarine conductors, and pointed out 
the various disturbing influences which it occasions. It is now 
pretty well admitted by telegraph engineers, that, imless these 
impediments to the free and rapid transmission of signals can 
be either entirely removed or considerably lessened, the commer- 
cial value of very long lines will be somewhat in the inverse ratio 
of their lengths. As, however, the mechanical engineer has 
overcome the difficulty of laying telegraph cables, it now remains 
for the electrician to overcome the scientific difficulties which 
b6set his path, and to render his line of communication tho- 
roughly efficient after it is laid. 

Of late much attention has been directed to the subject, and 
some Very able communications from practical electricians have 
contributed to throw much light upon it. From the very first 
moment when the static charge of the gutta-percha coating was 
brought under my notice, I felt that it would one day act as a 
formidable barrier to the extension of submarine lines ; and I 
saw at that time no chance of remedy, except in the employment 
of larger conductors and thicker insulating coatings. Within 
the last year or two, plans have been proposed to reduce the 
amount of induction, some of which appear to be founded upon 
an incorrect apprehension of the electrical phsenomena to which 
such arrangements would give rise. For instance, it has been 

* Head at the Plymouth Institution, March 3, 1859. Communicated^ 
by the Author. 
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■proposed to include two wires in the same gutta-percba slieath, 
of coarse separated from each other by an intervening stratum 
of the same material^ and to use one as a return wire. As this 
proposition has been the subject of some discussion amongst 
telegraph engineelrs^ and as there are certain conditions set up 
by the arrangement which do not appear to me to have received 
sufficient attention^ I have thought it necessary to offer a few 
remarks upon it. 

The circumstances attending the action of two separate sub- 
marine cables and two insulated wires enclosed in a single sheath 
are altogether different. In a single cable, the whole of the in- 
ternal surface of the dielectric induces upon the whole of the 
external surface, each being as an entirety in an opposite elec- 
trical state, thus correctly representing a Leyden jar. 

In a cable, however, containing two conductors carrying 
reverse currents, the conditions are different, and will be repre- 
sented by a Leyden jar having a glass diaphragm across its 
centre, dividing it, in fact, into two semi-cylindrical jars oppo- 
sitely charged, in which the respective coatings of each will be 
partly inducing upon the respective opposed halves of the ex- 
ternal coating, and partly upon each other through the sectional 
diaphragm ; thus dividing the system longitudinally through 
the centre into two arrangements analogous in action, but oppo- 
iiite in character, and exerting a mutual influence on each other. 

Let us now consider attentively the phsenomena here involved. 
Erst, then^ with regard to the portions of the two wires which 
include the dielectric between them. This resolves itself into a 
Leyden arrangement, the surfaces of whose conductors will be 
represented by the longitudinal sectional area of the respective 
wires, and whose dielectric will approximate in thickness to the 
mean distance between the two opposing halves of the respective 
wires. This portion of the dielectric, involving the action of 
one-half of each wire, will have a greater tendency to take up 
charge than the portions of the dielectric surrounding the outer 
halves of each wire. Now^ although the wire itself may exhibit 
and indicate the tension of the surface with which it is in con- 
tact, yet this tension is no evidence whatever of the quantity 
absolutely existing as charge upon that surface, since very differ- 
ent quantities of electricity, exhibiting the same amount of ten- 
sion, will be taken up by similar surfaces of a dielectric whose 
thickness varies in different parts. I will illustrate this by an 
example. Take a thick Leyden jar or plate, and charge it until 
the spark is capable of overleaping a given interval in discharge, 
I call the length of this discharge the degree of tension. Let 
the quantity of electricity necessary to produce this effect, 
^ wether measured by turns of the machine, by sparks of a given 
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lengtibi fiom a conductor, or by discharges from a umt*jar, be 
assumed to be ten measures. Take now a jar or plate expoong 
precisely the same surface but whose glass is only half as thicks 
and it will be found that twenty measures will now be required 
to produce a discharge of the same length, or in other wordsi to 
produce the same amount of tension. Now the tension is the 
same in both cases, but the quantities are as 2 to 1. 

Again, unite these two plates or jars so as to form a battery 
of double surface. Thirty measures will now be required to 
produce the same tension or discharge, but the relative quantih 
^ties on the two plates respectively will still be as 2 to 1. We 
thus have an analogue of one-half of the cable ; the thick glaos 
.representing the outer half, and the thin glass corresponding to 
the portion of dielectric between the two conductors. 

It will thus be seen that one common conductor in connexion 
.with two surfaces of dielectrics of different charging capacitieB 
will exhibit one uniform degree of tension, whilst the surfaces 
with which it is in contact may be taking up widely different 
quantities of electricity. In a double- wire cable, then, the ne- 
cessary diminution of thickness between the two conductors will 
give rise to a correspondingly increased charging capacity of one- 
half of the entire charging surface. 

. But the mischief does not end here. It is a well-established 
law in electricity, and one which I have had abundant opportttr 
nities of verifying, that the effects of Leyden discharges are as 
the squares of the accumulated quantities irrespective of tm- 
sions ; therefore whatever tends to increase the charging capacity 
of the surface of the dielectric, augments the mischievous effects 
in the ratio of the square of that accumulation : hence I cannot 
imagine that placing two wires in the same sheath can be any- 
thing but injurious, since one-half at least of the internal charg- 
ing surface of the dielectric has its capacity to take up charge 
very considerably increased, by the greater facility afforded for 
inductive action by the diminished thickness of the intervening 
dielectric. 

In my last communication I alluded to the advantage which 
might be derived from the employment of a return wire, esg/^ 
cially of large dimensions, for the current instead of working to 
earth ; but as I fear my remarks may have been misunderstood^ 
I shall here enter more into detail upon th&t subject* 

In relation to the existing Atlantic Cable, the only assistance 
which it could possibly afford, would be in very slightly im- 
proving the character of the earth discharge. I here avoid 
the term earth-circuit, because I do not believe diat, except 
under very peculiar circumstances and within very limited 
bounds, any appreciable return cuireat takes pl^co tbrovgli t)ie 
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earth* We must indeed look upon the earth as a great reaer* 
yoiri capable^ with proper arrangements^ of affording any supply, 
or of disposing of any discharge. If the Atlantic Cable were 
a tube carrying water instead of electricity^ receiving it at 
one end and discharging it at the other^ it would never be as-* 
sumed that the portions discharged in America would flow by a 
return current back through the ocean to supply the other end ; 
and the cases are precisely similar : the earth acts the part of a 
reservoir with regard to electricity as much as the ocean does 
with regard to water j and the circumstances under which return- 
currents either of water or electricity could be produced^ would 
bear the same analogy to each other. The only benefit^ then, 
whidi the present wire could confer, would be by improving 
to a certain extent the conducting character of the earth, or 
in other words, by increasing its capacity to receive the dis- 
charge, or afford the necessary supply. I am free to admit, 
however, that with the present wire the amount of assistance 
that would be afforded might be limited from its very inadequate 
conducting capacity. With a capacious insulated return wire, 
however, the case would be different. It would, as I stated in 
my last paper, lessen the amount of induction by decreasing re« 
sistance, and consequently obviating the necessity of employing 
currents of high tension ; but it must not be inferred from this 
that inductive action would not take place at all. The two cables 
would, in fact, when carrying reverse currents, represent two 
Leyden jars oppositely charged, and with their outer coatings in 
conducting communication with each other, or as is actually the 
case, both uninsulated. Let us now examine the various oondi* 
tions of such an arrangement. 

1st. Take a single cable working to earth at the remote end | 
the effect, however instantaneous, must originate at the battery 
ead. If a positive current be transmitted, the wave proceeds by 
propulsion from the battery to the remote end, which remains 
normal until the excess of current over the resistance of the wire 
uid the inductive action through the dielectric, makes its appear- 
ance there, and the effect of the discharge at that end will depend 
upon the relation of these counteracting elements to each other. 
If a negative or reverse current be transmitted, still the effect 
commences at the battery end by exhaustion (for want of a better 
term), and the remote end still remains normal until the resist- 
ance offered by the wire to the passage of electricity in that 
direction, and the inductive action of the dielectric, shall have 
permitted the effect to be manifested at the other end. Jn either 
ease, the amount of the effect at the remote ends will result from 
a single force operating in one direction only. 
. 29^y» If whilst a current, say for iexample a positive oim» 



Digitized 



by Google 



988 Mr* J. N. Heardei^ &n a New Form hf Telegteph Cable 

was being transmitted from one end^ the 6tlier end were at the 
same time brought into an oppositely electrical state by applying 
the negative^ or^ to keep up my simile, the exhausting end of a 
battery tO it, it is quite clear that the current would pass more 
readily, being now under the double influence of propulsion from 
behind and exhaustion in front. 

Srdly. Take now the case of two wires carrying reverse 
currents, actuated by batteries at the home end, or, what would 
amount to the same thing, having their home ends connected 
with the opposite poles of a single battery, but with their 
remote ends working to earth. Suppose, further, the eflFects to 
have reached the remote ends. These two ends will exhibit the 
characteristic conditions of the ends of the battery with which 
they are respectively connected, and will appear oppositely elec* 
trifled, producing the ordinary galvanometric indications. 

4thly. Let these remote ends be disconnected from earth, and 
connected with each other. We shall now have fresh conditions 
set up, for a positively charged insulated wire will be brought 
into connexion with a negatively charged one also insulated, and, 
according to known electrical laws, the opposite electrical states 
of these connected ends should, by their mutual attraction and 
inductive influence upon each other, still further overcome the 
resistance in that portion of the conductor,— the exhausting 
influence of the negative end accelerating the flow from the 
positive one, and thereby at the same time diminishing the 
intensity of the current, and its tendency to charge the dielectric* 
The two cables would now, indeed, form one continuous conductor^ 
including, if necessary, a telegraphic instrument between them. 

Now if during the passage of a current through a very 
extensive closed circuit of a resisting character, it shall be at 
all admitted that the ends nearest the battery will at any time 
exhibit opposite electrical conditions the relative intensities 
of which shall diminish towards the centre of the circuit, it 
follows that the telegraphic instrument between the remote ends 
of the two cables will be situated in the part least likely to be 
disturbed by inductive action. Not only would this be the 
case, but it would be less liable to disturbance from the residual 
charge of the dielectric ; for if, after the transmission of a signal, 
the *two home ends be disconnected simtdtaneously from the 
battery, and either brought to earth or closed into circuit, the 
whole of the actions set up to regain the normal condition will 
be in the direction of the two home ends, leaving the centre, 
viz. the point of junction of the two remote ends, comparatively 
free from these disturbing influences. A galvanometer at this 
point ought therefore to be simply influenced by the actual 
direction of the current in the wire, and not by the residual 
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discharges from the dielecf rie, since any flow occasioned by them 
which could possibly pass through that point would necessarily 
be from positive to negative, or in the direction of the first 
current, slightly prolonging its action. The most important 
question, however, connected with this arrangement, and which 
can only be decided by experiment, is, whether the connexion 
of the two oppositely electrified insulated remote ends with an 
insulated galvanometer would not produce an equal effect with 
a smaller amount of current, since its velocity would be doubled. 
Let us consider an analogous example. 

Take two Leyden jars precisely equal in capacity, that is to 
say, which will, with a given number of turns of the electrical 
machine, discharge through precisely the same interval and 
produce the same heating effect in the thermo-electrometen 
Connect these jars respectively with the positive and negative 
conductors of the machine, so as to charge one positively and 
the other negatively. Connect with each jar a discharging 
electrometer, arranged so as to discharge each to its own coating 
through a given interval, and count the number of turns re^ 
quired for the effect. The two jars will discharge simultane- 
ously, or very nearly so. 

Now remove the discharging electrometers, connect the outer 
coatings of the jars with each other by a conductor, and connect 
a discharging electrometer with the two inner coatings, so that 
they may discharge through it to each other, the interval being 
made the same as before. The discharge will now pass with 
half the number of turns, the respective tensions of each jar 
mutually operating to produce the effect. 

Again, make the discharging interval between the jars double ; 
and the discharge will take place with the same number of 
turns as in the first case, but the spark will be twice as long. 
We here observe, then, that the effect of the mutual attraction 
of the positively and negatively electrified conductors is to faci-» 
litate the flow of electricity between them ; and it is just upon 
this principle that I have been led to the conclusion that an 
insulated return wire would be preferable to an earth-circuit* 
induction between the two cables, it is true, cannot be pre- 
vented ; but it will be much less, as I have already shown, with 
two separate cables than with two wires included in the same 
fiheath. I have been thus explicit, because the tendency of some 
scientific discussions which have lately taken place has been 
rather unfavourable to the recognition of this principle ; and 
whilst I would not dogmatically enforce my views, yet I think 
they would bear the test of trial. 

• The success of the foregoing plan, however, would be, after 
all, only palliating the evil without removing or mitigating the 
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eauae; and I would now therefore direct attention to a new 
form of cable^ intended to reduce not only the amount of atatio 
inductive action on the dielectric^ but the degree of disturbanee 
produced by the residual static discharge. In order fully to 
appreciate Uie value of this arrangement^ it is necessary first to 
consider certain electrical phaenomena resulting from peculiar 
modifications in the arrangement of conductors and dieleetnca^ 
which influence very materially the effects of inductive action ; 
I mean statical inductive action^ commonly known as the charge 
of the coatings in contradistinction to the dynamic inductive 
action resulting &om the influence of a current upon an adja- 
cent wire. 

In all cases of the coated dielectrics, whether in the form of 
Leyden jars^ coated glass or other plates, or coated wires, there 
are certain conditions which determine not only the amount of 
charge which can be taken up by a given coated surface, but the 
effect whidh the discharge of that quantity can produce. A few 
wellf determined axioms, verified nearly thirty years since, will 
serve as a guide in these considerations. 
• 1st. With any insulated charged conductor the statical in<« 
tensity or power of attraction exhibited by it will be as the 
square of the quantity constituting the charge, and this holds 
good whether the conductor be simply insulated in the atrno* 
sphere, or form one of the coatings of a Leyden jar. 

2nd.^he thermometric effect of an electric charge, aa ascer- 
tained by a wire passing through the bulb of the thermo-electnv* 
meter, either as originally invented by Sir W, S, Harris, or as 
subsequently modified by mjrself (see Phil. Mag, Nov. 1856), 
is as the square of the quantity transmitted, other things being 
the same. 

3rd. With a conducting or coated surface of a given area, the 
length of spark or tension will be in the direct ratio of the 
charge. Thus, quantities of charge bearing the relations to 
each other of 1, 2, 3, 4, will give tensions or length of sparkj 
as 1, 2, 3, 4j but the statical intensities as evidenced by attfae« 
tion or inductive action, will be respectively in the prq)ortions of 
1, 4, 9, 16, &c., corresponding precisely to the thermometric 
effect, 

4th. The relation of the quantity to the intensity will depend 
upon the surface upon which the electricity is distributed : for 
instance, a double surface charged to the same degree of tension^ 
that is to say, to give the same length of spark, will contain 4 
double quantity; but the statical intensity and inductive or 
attractive action will remain the same, whilst the thennometrlo 
effect will be as the square of the surface or quantity, the thick-. 
aeas of glaaa being equah 
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6tb. If a givea charge be distributed ov^ conducting 9ur- 
faoes bearing the seyeral cektions of 1, 2, 8, 4, the thermomer 
txic effeet will be unaltered^ but the respective t^isions or length 
of spark will be in the simple inyerse ratio of the surfaces, viz* 
1, ji, ^, i, whilst the intensities or attractive power will be in^* 
jesmiy as the squares of the surfaces, viz. 1, ^, ^, ^. 

6th. The attractive or inductive influence acting between any 
two electrified surfaces, is, with the same charge, inversely a^ 
^le ftquares of the distances between which it operates. An in-' 
sulated scale-pan placed over a charged conductor at the several 
relative distances 1, 3, 3^4, will be balanced by different weights, 
these being in the inverse ratio of the squares of the distances. 

7th. The capacity of a conductor to receive electric charge 
will depend upon the amount of induction which can take place 
between it and a vicinal conductor ; and the nearer these can b^ 
brought together, one being uninsulated and the other insulated^ 
the greats will be the amount of charge. 

Now, as there can be no doubt that it is the dielectric in con- 
tact wil^ the conductors which receives the charge, the conductors 
serving only to distribute or collect it, we may in the preceding 
law lose sight of the conductors beyond this function, and merely 
consider that the dielectric has its capacity for receiving charge in* 
<»eaBed by diminishing its thickness. The following then appear 
to be some inferences to be deduced from the action of these laws, 
- 1st. Since resistance in wires requires tiie employment o^ 
int^sity in currents to overcome it, it follows that the greater 
the intensity of the current, that is to say, the greater the 
amount of free statical dectricity accompanying the dynamic 
currenl^ the greater will be the tendency to charge the dielectric. 
Now any increase of charge on the dielectric will produce re* 
suits in discharge as the squares of the quantities thus taken up«^ 
Upon this principle I propose to use a capacious conductor, which!, 
shall diminish resistance as much as possible, and thereby reduce 
coarrespondingly the intensity of the current requisite to work 
through it, and its tendency to charge the dielectric, 

2nd. Since the quantity of charge which can be taken up by 
any didectric will depend upon its thinness, or the contiguity, 
of the conducting surfaces between which it is included^ I pro* 
pose to increase tiie thickness of the dieleckic or insulating 
ooating, and thereby not <mly still further reduce its tendency, 
to char^j but increase its insulating fiiculty. There are, how-* 
ever^ other conditions which interfere still more with the results 
tii (Charges from coated surfaces which have been hitherto 
overlooked, but which may nevertheless render essential service, 
in their jv^Uciaus apphcation to the ixuuktion of a submarine 
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If a Leyden jar or a coated glass plate have layers of paper 
or any other fibrous material inserted between either or both of 
its coatings and the glass^ although the glass may^ as far as the 
phsenoniena of tension or attraction are concerned^ be charged to 
the same intensit^^ yet the effects of the discharge suffer an 
extraordinary diminution^ as will appear by the following expe«> 
riments. (Coated glass plates afforded the most ready means of 
carrying out this inquiry, and were consequently employed for 
the purpose. The effects of the discharge were examined by 
means of the thermo-electrometer before described.) 

1st. To ascertain the effect of interposing porous media be- 
tween the glass and its coatings, various substances were em- 
ployed, such as silk, flannel, calico, paper, &c. The effect of the 
discharge from the glass plate, with its two ordinary tinfoil 
coatings, was first ascertained by the thermo-electrometer ; the 
tinfoil coatings were then removed, and the several porous 
substances were in turn placed upon the glass, varying from 
1 to 3 layers in thickness, either on one or both sides of the 
glass; and, the coatings being carefully replaced upon them, 
the glass was again charged, and the effects upon the elec- 
trometer noticed. Without going into detail upon the results 
of each modification of the arrangement, it may be sufficient to 
state that, whilst with the ordinary tinfoil coatings a given 
effect was produced, only y^^th to y^^th of the effect was 
obtained when the porous layers were interposed; and this 
diminution of effect bore no apparent relation to the conduct- 
ing or non-conducting character of these media. 

In order to ascertain if these losses were occasioned by the 
greater distance to which the tinfoil coatings were removed, 
glass plates of a thickness corresponding to the united thickness 
of the glass plates and fibrous coatings before mentioned were 
employed, and coated with tinfoil in contact with the glass ; 
but these gave results bearing their correct relation to the differ- 
ence in the thickness of glass when coated with tinfoil alone, the 
results being very much higher than those obtained by the inter- 
vention of the porous media. The quantity of electricity thrown 
on as charge was accurately measured in each experiment^ and 
the discharging interval was retained the same. 

Thus the tension underwent no change; the intensity, as 
evidenced by attraction, was more rather than less ; and yet the 
thermometric corresponding to the galvanometric effects in 
wires suffered this extraordinary diminution. 

Again, the arrangement was modified by using two plates of 
glass placed upon each other as a double dielectric ; tinfoil coat- 
ings were placed upon the two outer surfaces, and porous layers 
inserted between the plates. The reduction of effect was here 
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itill more marked j for^ although considerable thermometrie effects 
were produced by the two plates of glass enclosed between the 
tinfoil coatings^ yet no appreciable effect could be obtained with 
|he same charge when porous layers were inserted between them. 

Seasoning upon these results^ it occurred to me that, in addi- 
tion to the advantages before alluded to, to be derived from 
increasing the thickness of the dielectric and the capacity of the 
conductor, still further benefit would result by adopting some 
modification of the foregoing arrangements in relation to the 
cable. The interposition of porous or fibrous media between 
the coatings and the jar or glass plate, reduces the effects of the 
discharge ; and since it is the discharge, more than the charge, 
which produces the embarrassment of signals, it appears a fair 
deduction that any arrangement which will reduce the effect of 
this discharge, will to the same extent diminish the amount of 
mischievous influence. 

Four modes of carrying out the conditions of the foregoing 
experiments with regard to the cable, presented themselves. 

Ist. By inserting a porous layer between the dielectric and 
its inner coating (the wire), which could be done by covering the 
wire with cotton, silk, or worsted, or any fibrous substance, pre- 
viously to coating with gutta percha. 

2nd. By putting a fibrous coating of this kind over the gutta- 
percha covering of a wire already insulated in the ordinary way, 
taking care, of course, to make this coating impervious to 
moisture. 

3rd. By inserting the porous or fibrous media between the 
layers of gutta percha ; or 

4th. By adopting.two or more of these processes in conjunc- 
tion with each other. 

With regard to the first process, I found from actual experi- 
ment that when the conducting wire was very small, as, for 
instance, in the Atlantic Gable, the application of a porous cover- 
ing to it previously to the gutta-percha coating unduly increased 
its bulk in proportion to its original size, and thereby propor- 
tionally increased the inner charging surface of the gutta percha. 
But even under the most unfavourable circumstances, when for 
the sake of experiment a double coating of fibrous material had 
been put on, and the inner surface of the gutta-percha increased 
to nearly three times its original dimensions, whilst the thickness 
of the gutta-percha coating itself was less, thereby enabling it to 
take up more than double the amount of static charge, yet the 
effects of the discharge were no more than from the original 
surface in contact with the wire; so that if only the same amount 
of charge had been thrown in, less than half the original effect 
might have been expected. 
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Since, howevw, aoccMrding to the experiments with the glaat 
plates, the porous material was equally effective on the outside^ 
or between two plates, it would appear that the most eligibly 
situation for the fibrous layer in the cable, would be eithec 
^tween the coatings of guttapercha or externally to themj andl 
I doubt not that in either of these situations it would act with 
the cable, as with the glass plates, in materially reducing the 
effects of the discharge. 

There are also other ixmsiderations of a mechanical character 
which render these modifications of tiie arrangement prefe^able» 
I venture then to recommend, with considerable confidence, the 
adoption of this plan as a simple and efficient mode of greatly 
reducing — ^I will not go so far as to say entirely obviating — 
the embarrassing influences of the residual discharge. 

In a word, a cable constructed upon the principles here laid 
down will possess the following electrical qudifications, vis.-^ 

Its conductor willbe of ample dimensions, thereby reducing 
the tendency to produce static induction. 

The dielectric or insulating coating will also, by its increased 
thickness, not only improve <£e insulation, but have a diminished 
capacity for taking up inductive charge; and, lastly, the insertion 
of the fibrous substance will go very far to obviate the mis- 
chievous effect of any amount of charge that may be taken up, 
since by woalogous arrangements we find that from 80 to 90 per 
cent* of this influence may be intercepted. 

I cannot close this paper without alluding to the mechanical 
advantages also possessed by this form of cable. It is well known 
that when the gutta-percha coating of a cable is subjected to 
great strain, small fissures, before imperceptible, gradually 
become apparent from the separation of surfaces between which^ 
there was previously a want of perfect cohesion, although without 
this strain the cohesion might have been sufficient for electrical 
insulation, and the fissures might not have been formed. I have 
no doubt that the Atlantic cable has suff^ed in this manner, 
since it had no provision for preventing the gutta percha £rom 
stretching. 

Propositions have lately been made to form the core in such 
a manner as to take all the strain ; but independently of the most 
serious electrical objections to a conductor compounded of iron 
and copper, I venture to predict that whenever such a cable shall 
be subjected to the strain of passing over pulleys, the gutta- 
percha coating will separate into pieces and slide over its in- 
cluded conductor. The interposition, however, of flax or hemp 
strand, which is a very eligible material, and which may be eiUier ^ 
braided on or Isud on in a very long twist between the layers of. 
gutta percha and incorporated with thepa, will cQin mu njca te jswdi , 
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an amount of mechanical strength to the insulating coatings that, 
in addition to its improved electrical character, it will be free 
from the disadvantages before alluded to, when not thus pro- 
tected^ The specific gravity also of such a cable may be made, 
if necessary, extremely low. 

When made of the requisite dimensions, it need not weigh 
more than 6 cwt. per mile in air, or 1 cwt. in water; and, from 
experiments made with a sample of an analogous construction, 
the breaking strain would be upwards of 17 cwt., or equivalent 
to between seventeen and twenty miles of its own length in 
Water. It will be remembered that the Atlantic Cable would 
not support three miles of its own length in water; and I ques- 
tion much if the integrity of its gutta-percha coating could be 
depended upon under the strain of a single mile. 

These are considerations which, I would venture to submit, are 
of no mean importance, even when viewed apart from any elec* 
trical qualities, but which, when taken in connexion with those 
already described, appear to me to give to this form of cable a 
decided superiority over any form yet devised. I say nothing 
of any subsequent coating of wire, &c. for additional protection 
in exposed situations, when found to be necessary, as such an 
arrangement is as applicable to this form of cable as to any 
other. 

LIV. Note as to the relation of Common and Voltaic Electricity, 
By J. J. Waterston, E$q,^ 

IN the seventh series of his ' Experimental Researches,* Fara- 
day treats of the absolute quantity of electricity associated 
with the atoms of matter, and sums up with a statement as to 
the quantity of electricity associated with the chemical elements 
of a grain of water, which has often been quoted since in a way 
that tends to mislead as to the potential magnitude of the forces 
involved. There is an example of this in the last (January) 
Number of the Edinburgh Review, p. 235, where the following 
passage occurs : — " Yet they find authority in the marvellous 
fact, well authenticated by Faraday, that one drop of water con- 
tains, and may be made to evolve, as much electricity as under 
other manner of evolution would suffice to produce a thunder^ 
storm.^^ The mechanical value of the chemical force that unites 
the oxygen to the hydrogen of a grain of water is well known to 
be about equal to the weight of 7 cwt. exerted through one foot. 
That such amount of force would suffice to produce a thunder- 
storm is plainly an idea that cannot be entertained ; nor is it 
strictly implied by the words of Faraday, which are — " The che- 
* Communicated by the Author. 
PUa. Mag. S. 4. Vol. 17. No. 1 15. May 1859. 2 A 
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mieal aetion of a grain of water upon four grains of rinc cah 
evolve electricity equal in quantity to that of a poweriEul thun- 
der-storm.*' This was written in 1888, when the appHeatidn of 
a mechanical standard or work equivalent to molecular forces 
was but little thought of. To avoid conveying an incorrect im- 
pression now, it would be necessary to underline the word 
^'quantity/' and add, "but of incomparably kse intenmty thnii 
that of a powerful thunder-storm.'* The idea of the mechanical 
equivalent of a grain of water being equal to the mechanical 
equivalent of a thunder-storm would thus be excluded. 

The progress of science, and the labours of Harris especially^ 
has since enabled us to obtain some clearer ideas of quantity and 
intensity as applied to electricity. When the mechanical value 
of a constant quantity under different degrees of intensity has 
be«i ascertained — and this seems practicable with Harris's appa- 
ratus — ^we shall be in a position to estimate exactly the potential 
relation between voltaic and common electricity* In the mean 
time it may be useful to direct attention to certain data which 
already exist, by means of which we may roughly calculate an 
approximate result. 

The great electric battery of the celebrated Dutch electrician^ 
Van Merum, consisted of 100 jars, each deposing 5| square feet 
of coated glass, making altogether 550 square feet. It is'Stated 
that this battery, discharged through a length of 25 feet of iron 
wire T^^th of an inch in diameter, fused it so that it was con- 
vertea into red-hot balls thrown in all directions. Assuming 
that the heat evolved was sufficient to raise the temperature of 
the wire 3000 degrees, we have -^^ of a cubic inch of iron thus 
heated ; this is equivalent to about ^^ cubic inch of water raised 
8000 degrees, or 15,000 grains raised 1 degree. 

To compare this battery strictly with that employed by Fara- 
day, we should require to know the electric tension of eacn when 
charged, as indicated by the same electrometer ; also the thickness 
of the glass in each. Such data are wanting ; but, for a rough 
estimate, we may perhaps assume that they did not differ mate- 
rially in these particulars. 

Faraday states that the quantity of electricity required to de- 
compose a single grain of water is equal to 800,000 charges of 
a 25 square feet battery, each charge made by thirty turns of a 
plate-glass machine, 50 inches diameter, in full action. The 
product of 25 by 800,000 is 20,000.000 square feet of coated 
glass. This, compared with 550, shows that the quantity of 
electricity associated with 1 grain of water is upwards of 36,000 
times the amount in Van Merum's battery, and consequently 
the heating power must be equivalent to 15,000 grains of water 
raised 36,000 degrees. 
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Aeoopdiiig to the experiments of MM, Dulong and Hess, 
1 Ktre, oi< 61 cubic inches of hydrogen, burned in half a litre of 
oxygen, gives out heat sufficient to raise SIO^ grms. of water 
1^ C„ or 12-3 lbs. 1° P. The water formed by the combustion 
is 0-00168 lbs. The ratio this bears to 12-3 lbs. is 1 to 7345 ; 
so that the heat given out by the combustion of hydrogen suffi- 
cient to form 1 grain of water, would raise 7345 grains of water 
1° F. in temperature. Comparing this with 15,000 grains 
raised 86,000 degrees, we arrive at the conclusion that the me- 
chanical value of the electricity required to decompose 1 grain 
of water is less than j^th. of the mechanical value of th^ 
electricity in the 800,000 charges of the 25.feet battery, Thug 
i&leven charges of this battery represent the integral electric 
force contained in 1 grain of water. 
EdiBibwgh, February 13, 185.9, 

LV. Note to a Letter " On the Conservation of Energy ^^ 
By W. J. Macquorn Rankinb, C.E., LL.D.^ F.R.S. . 

To the Editora of the Philosophical Magazine and JownaU 

Gentlekbv, 

I BEG leave to add to my letter which appeared in the Philo- 
sophical Magazine for April, the following remarks rela- 
tive to the terms ^^ Force,'' "Power," or "Energy,'' when used 
in the sense of an unknown secondary cause of physical changes. 

The magnitude of a cause, if measurable at all, e^n only be 
measured indirectly by means of the magnitude of its effects. 
The magnitude of the cause may be a simple quantity ; but the 
^effects by which it is to be measured may be of such a nature, 
that, to obtain from their magnitudes a proper measure of the 
magnitude of the cause, factors must be multiplied together, and 
terms added together. The tests of a proper measure are, first, 
its ^' conservation^' that is, the invariability of its magnitude 
by any actions amongst the system of bodies to which it relates ; 
and secondly, its completenesSy or its taking into account all the 
known relations amongst those bodies. 

To measure the magnitude of the " energy " of gravitatiw 
in a system of bodies, not only must the mean attraction be*- 
tween each pair of them be multiplied by the distance through 
which it is capable of acting (giving what I have called the 
"potential energy ''), but the mass of each body must be mul- 
tiplied by the half-square of its velocity relatively to the centre 
of gravity of the system (giving what is called " actual energy " 
or ''vis viva''), and the results must be added together. The 
quantity thus measured is not the less a simple magnitude 

2 A 2 
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because the phsenomena by means of which it has to be measured 
are of such a kind that their magnitudes have to be multiplied 
and added in order to complete the measurement required, — just 
as the volume of a body is a simple magnitude, although to 
ascertain it we have to measure the three dimensions of each of 
several parts into which we divide that volume, multiply them 
together, and add the products. 

Momentum and angular momentum possess, like energy, the 
property of conservation ; but they do not possess the property of 
completenessy inasmuch as they take into account actual motions 
only, and not tendencies to move. Attraction takes into account 
tendencies to move only, and not actual motions. Energy alone 
takes all those relations into account. 

The attempt to measure the "force/^ '^ energy,^' or ''power" 
of a system of gravitating bodies (by what term soever the 
quantity to which the law of conservation of energy applies is 
designated) by taking into account only the attractions, or ten* 
dencies to mutual approach of the bodies, would be analogous to 
the attempt to measure the volume of a body by means of one 
dimension of one of its parts. 

It appears to me that the consideration of the facts I have 
mentioned tends to show that there is less real difference between 
the opinions of Dr. Faraday and those of some other writers on 
this subject than may at first have been supposed. 

I wish it to be understood, that nothing in these remarks is 
to be construed into an expression of any opinion on any meta- 
physical question relative to the nature of physical causation. 
I am. Gentlemen, 

Your most obedient Servant, 

Glasgow, April 13, 1859. W. J. Macquorn Rankine. 

LVI. On the Connexion between the Structure and the Physical 
Properties of Wood, By Prof. Knoblauch*. 

THE author seeks to ascertain whether any connexion is ascer- 
tainable between the structural relations of various kinds of 
wood and their observed physical properties, such as their powers 
of resonance and conduction of heat , ^c, in the same way as was 
done for one and the same wood by Savart in respect to resonance, 
and more especiallyby Tyndall in respect to the conductionof heat.. 
The primary object was to trace the difference in the conduc- 
tion of heat shown by different woods, according as the heat has 
to traverse the wood in a direction parallel with, or at right 
angles to, the direction of the grain. For this purpose, slabs of 
the woods to be examined were bored through perpendicular to 

* Translated by Dr. F. Guthrie, from the Sitzungsberickte der natur- 
forschenden Gesellschaft, Halle, 1858, vol. v. 
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their planes, and then covered as uniformly as possible with a 
coating of stearine. A hot wire, exactly fitting the bore, was in- 
troduced into the latter and continually turned round during the 
experiment. By this means the coating of stearine around the 
orifice was melted ; but, as we should expect, not in concentric 
circles, but in elliptic zones, whose major axes invariably coin- 
cided with the direction of the grain. The great difference in 
the behaviour of different kinds of wood (about eighty sorts were 
examined) under these circumstances is at once apparent. With 
some the ellipses are tolerably circular, by others more elongated, 
while by others, again, the major axes are so extended as to be 
nearly twipe the length of the minor ones. The excentricity of 
these ellipses, which furnished a graphical expression for the 
conductive power of the wood in the directions between which 
the structural difference was greatest, made it possible to divide 
the different kinds of wood into four distinct groups. In the 
first, the ratio of the minor to the major axis of the ellipse is on 
the average as 1 to 1*25. To this group. Acacia, Box, Cypress, 
King-wood, &c. belong. In the second, and by far the most nu- 
merous group, containing Elder, Nut, Ebony, Apple, several 
dye-woods, &c., the mean value of this ratio is 1 to 1*45. In 
the third group, to which Apricot, Siberian Acacia, Brazil 
wood. Yellow wood from Puerto Caballo, &c. belong, the ratio 
is as 1 to 1*60. In the fourth group it is as 1 to 1*80, and to 
this division belong Lime, Tamarind, Iron-wood, Poplar, Sava- 
nilla (yellow), &c. Hence tlie conducting power of all woods in 
the direction of the fibre exceeds that in the perpendicular direction 
by no means in a con^stant manner, but in one which depends upon 
the nature of the wood. This superiority is In the first group so 
small, that the warmth in the direction of the fibre traverses a 
path only a quarter more in length than that traversed in the 
same time in a perpendicular direction. In the last group, on 
the other hand, the length of the path in the first direction is 
about twice that in the perpendicular one. 

In order to investigate the relations of resonance, two rods 
were cut from each kind of wood, — the one being taken in the 
direction of the grain (Langholz), the second perpendicularly 
across it (Hirnholz). On suspending these rods freely (their 
length was 470 millims., breadth 20 millims., and thickness 
8 millims.) and striking them with a stick, the piece cut with 
the grain always gives a more sonorous tone than the correspond- 
ing cross-grain piece. Nevertheless the difference of resonance 
in the tones of the with- and cross-grain pieces of one and the 
same wood, of the first of the groups described (say beech), is 
unmistakeably less than the difference between the tones of the 
with- and ci*oss-grain pieces of any member of the second 
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group. lu the second group this difference is less than in the. 
third j and in the thirds again^ less than in the fourth (as with 
with- and cross-grain pieces of poplar). When^ ther^ore^ the 
fibres of all hinds of wood are set in vibration, the purity ofresO" 
nance is greater when such vibrations are transverse than when 
they occur in other directions {as when the rods are cut across the 
grain). But this superiority of resonance is not constant ; it de- 
pends upon the nature of the wood. The difference in this respect 
in the first group of woods is so small^ that the resonance of two 
with- and cross-grain pieces resembles that of two not very 
dissimilar masses of stone when struck. In the last group the 
difference is so great^ that the tone of the with-grain piece when 
struck has a metallic ring^ while the dull sound of the cross- 
grain piece reminds one of a piece of pasteboard when struoki 
The division of the woods examined, derived from their thermo'^ 
conductive power, is accordingly supported by their acoustic relationsi 
By supporting the two ends of the rods employed in the above 
experiments and loading them equally in the middle^ the degreei 
of deflection which they undergo will give us an insight into 
their structural relations ; for the greater their compactnessj the 
greater the resistance they will offer to bending : and the less 
compact they are, the more easily will they yield, The differ^ 
ence in vertical height of the middle points of the bent and 
straight rods was taken as measure of deflection. A lever was 
employed to determine this measure, the end of which passed 
over an enlarged scale in order that the readings off might be 
the more exact. The unit of this measure was a matter of in* 
difference, inasmuch as in the comparison to be instituted| rda* 
tions only had to be determined. Although, as was to be ex* 
pected, in all cases the with-grain piece was much less flexible 
than the corresponding cross-grain piece, yet an important dif« 
ference was noticeable in the different groups. This is best 
seen by calculating the relation between the bending (meaaured 
as above described) of the with-grain and that of the cross*, 
grain wood ; thM is, the same weight being applied (say ICX) 
grs.), by dividing the number given by the lever with the cross-* 
grain piece by that given with the with-grain piece. This rela- 
tion (called " ratio of deflection '^ in the following Table) has, in 
the first group, the mean value of 1 to 5 ; in the second, 1 to 8; 
in the third, 1 to 9*5 j in the fourth, 1 to 14. The division of 
the groups is therefore also supported from this point of view*. 
The difference in the structure in the different directions is least m 
those woods which show the least difference with respect to dUtec* 

* The diversity of nature, even with one and the same kind of Wood, of 
course did not admit of the boundaries of the groups being drawn with 
great exactness, or of the subdivision of the groups into secondary oiies« 
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tion in their thermo-conductive and resonant praperties ; and the 
difference in the former is greater or less as the two latter differ^ 
enees are greater or less. 

Hence a definite relation may be established between the differ- 
ent phcmamena described; and this is true to such an extent, that 
the knowledge of one of them, e. g. the m£chanical or state of co- 
hesion,is sufficient to deduce the others, those of warmth or resonance^ 

Thus, merely to addace one example, especial experiments had 
shown that in petrified woods a difference of structure in the 
directions parallel with, and perpendicular to, the direction of 
the grain had been preserved ; and, in fact, the thermal curve 
was an ellipse whose major axis was parallel to the fibres. As 
in the petrified example this difference in mechanical structure 
was much less than in the living wood, so also, while in the 
living Conifer the ratio of the axes was as 1 to 1*80, in the pe- 
trified specimen it had sunk to 1 to 1*12. 

The following Table contains the names of the woods examined^ 
arranged accorcung to the groups mentioned: — 

Group I. 
Ratio of the axes of the thermal ellipse 1 to 1*25. Mean ratio of 

deflection 1 to 5'0. 
Aoaeia. 



Box. 

Lignum-vitse. 

Cypress. 



King-wood. 
Satin-wood, 
Salisburia (Gingko), 



Group II. 

Ratio of axes of thermal ellipse 1 to 1*45. Mean ratio of deflection 

1 to 8-0. 



Blder. 

Alder. 

White Thorn. 

Arbor vitee. 

St. Lucien wood. 

Gymnocladus canadensis. 

Beech (2 species, white and red) . 

Plane. 

Blm. 

Oak (two species). 

Ash. 

Maple. 

American maple. 

Cedar of Lebanon. 

Australian cedar. 

Mahogany. 

Paliftander. 

jabony. 

Palm. 

Rosewood. 



Snake- wood. 

Zebra-wood. 

Purple- wood {Amaranthus)* 

Settin. 

Coromandel wood. 

Angica-wood. 

Cocoa- wood (Gateado), 

Apple. 

Pear. 

Cherry. 

Plum. 

Sandal (red). 

Caliatour. 

Costarica (red wood). 

Bimas sapan. 

Cuba (yellow wood). 

Viset (yellow wood). 

Campeachy blue wood. 

Tabasco blue wood. 

Domingo blue wood. 
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Gaour III. 

Ratio of axes of thermal ellipse 1 to 1*50. Mean ratio of deflection 

I to 9-5. 



Apricot* 
Pistachio. 
Siberian Acacia. 



Pernambuco red wood. 

Japan red wood. 

Puerto- Caballo yellow wood. 



Group IV. 

Relation of the axes of the thermal ellipses 1 to 1*8. Mean ratio 
of deflection 1 to 14*0. 

Weymouth fir. 



Willow (two examples). 

Chestnut (three examples). 

Lime, 

Alder. 

Birch. 

Poplar (three examples). 

Aspen. 

Pine. 

Fir. 



Magnolia. 

Iron wood. 

Tamarind. 

Palmassu. 

*• Kistenholz.'* 

Caoba (Havannah Cedar). 

Savanilla yellow wood. 



LVII. On the Resistance of the Luminiferous Medium to the 
Motions of Planets and Comets. By Professor Challis *• 

KEEPING still in view the investigation of a mathematical 
theory of physical forces on the hypothesis of the dyna- 
mical action of a continuous elastic fluid pervading space^ I pro* 
pose, as a preliminary step, to give reasons for assuming the 
existence of such a medium, and to endeavour to obtain ^ di- 
stinct an idea as possible of its nature and properties. As this 
inquiry is closely connected with the undulatory theory of light, 
the principles of that theory, and the indications it gives of the 
existence and qualities of the medium by which light is supposed 
to be transmitted through space, necessarily come under consi* 
deration. But besides that the medium must be such as to 
account for the various phaenomena of light; it must also be con- 
sistent with other classes of facts to which it can be shown to be 
related. For instance, since physical astronomy has proved that 
the planets are not perceptibly acted upon by any other force 
than gravitation, we must show that the luminiferous medium 
offers no sensible resistance to their motions. To reconcile this 
fact with the properties of a medium, which has been supposed 
to give rise to the phsenomena of light by the motions of its 
separate atoms, is acknowledged to be a difficulty by the advo- 
cates of that kind of agency. In a communication to the Philo- 

* Communicated by the Author. 
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sophical Magazine for December 1853 (p. 404)^ Mr. Bankioe 
makes the following statement : — 

'' It has hitherto been always assumed that the kind of motion 
which constitutes light is a vibration from side to side^ transmitted 
from particle to particle of the luminiferous medium^ by means 
of forces acting between the particles. In order to account for 
the transmission of such transverse vibrations, the luminiferous 
medium has been supposed to possess a kind of elasticity which 
resists distortion of its parts, like that of an elastic solid ; and 
in order to account for the non-appearance in ordinary cases of 
effects which can be ascribed to longitudinal vibrations, it has 
been necessary to suppose further, that this medium resists com- 
pression with an elasticity immensely greater than that with 
which it resists distortion ; the latter species of elasticity being, 
nevertheless, suflBciently great to transmit one of the most pow- 
erful kinds of physical energy through interstellar space with a 
speed in comparison with which that of the swiftest planets of 
our system in their oi*bits is appreciable, but no more. 

*^ It seems impossible to reconcile these suppositions with the 
fact, that the luminiferous medium in interstellar space offers no 
sensible resistance to the motions of the heavenly bodies.^' 

It seems also inconceivable that a definite and permanent 
arrangement of the setherial atoms, which is an essential condi- 
tion of the only a priori investigation of transverse vibrations" 
which the supporters of these views have given, can consist with 
the free motion of the heavenly bodies through the aether. To 
meet these difficulties, the author of the above extract proposes 
an hypothesis of oscillations, which will be best stated in his 
own words : — ^* The hypothesis now to be proposed as a ground- 
work for the undulatory theory of light, consists mainly in con- 
ceiving that the luminiferous medium is constituted of detached 
atoms or nuclei, distributed throughout all space, and endowed 
with a pecuUar species of polarity, in virtue of which three or- 
thogonal axes in each atom tend to place themselves parallel 
respectively to the corresponding axes in every other atom ; and 
that plane-polarized light consists in a small oscillatory move- 
ment of each atom round an axis transverse to the direction of 
propagation.^^ — (P. 406.) " It is evident that how powerful 
soever the polarity may be, which is here ascribed to the atoms 
of the luminiferous medium, it is a kind of force which must be 
absolutely destitute of direct influence on resistance to change 
of volume or change of figure in the parts of that medium, or of 
any body of which that medium may form a part ; and that, 
consequently, the difficulty which in the hypothesis of vibrations 
arises from the necessity of ascribing to the luminiferous medium 
properties like those of an elastic solid; has no existence in the 
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hypodietis of oscillatioiiB now poposed/^ — (P. 407») This 
theory is accordingly distinguished from that commonly main- 
tained^ by the substiiation of oscillations of the individual atoms 
about axes for their vibrations in space. ' Here I take occasion 
to remark^ for the sake of preventing misapprehension^ that 
where in my former communications I have spoken of the oscil- 
latory theory of light (which ought rather, to have been called 
the vibratory theory), I made no reference to the particular views 
adduced above, intending only to signify by those terms a theory 
which takes account of the motions of the. discrete atoms of the, 
aether^ and is in this respect opposed to the hydrodypamical 
theory. In referring now to this modification of the usual 
theory^ my object is the same that I had in view when refetring 
in my last communication to the the(»'y of elliptically-pQlaritfed 
light,-rnamely, to exhibit the actual state of the theory of light 
maintained by the mathematicians of the present day, and to. 
show by thdr own admissions that it requires hypothesis to be 
added to hypothesis to support it. I have no doubt in my own 
mind that it involves the initial and radical defect of treating by 
common differential equations, questions which demand the 
more comprehensive analysis of partial differential equations. 
It is this mode of treatment that necessitates the adoption of 
hypotheses^ respecting the molecular constitution of the aether^ 
which at best must be precarious, and which absolutely admit of 
no verification, if, as there is reason to conclude from certain 
analogies of light to sounds the phsenomena of light result from 
the dynamical action of a continuous fluid. As the laws of sound 
can be investigated only by means of partial differential equa- 
tionsi it seems scarcely possible that this instrument of research 
can be dispensed with in investigating the laws of Ught. 

In confirmation of the above views, I proceed now to give an 
explanation of the non-resistance of the sether to the motions of 
the heavenly bodies^ by regarding it as a fluid substance the 
movement of which is ascertained by the integration of partial 
differentia equations. For this purpose it is not necessary, nor 
indeed should I consider it allowable, to make any other hypo- 
theses than those which I have already made, viz. that the con* 
stituent atoms of the bodies which move in the ssth^r are hardj 
inert, and spherical ; and that the aether itself is a continuous 
and highly elastic fluid, varying in pressure in proportion as it 
varies in density. The question consequently resolves itsdf int<^, 
the determination of the resistance of the aether to the motion 
of a minute spherical body. This problem I have Considered in 
a communication to the Philosophical Magazine for July 1832^ 
(pt 40)^ and X do not yet see any reason for treating it in a different 
manner* A solution of the same problem is also given in the 
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i^Philosopliioal TransactionB^ voh vii. prt 8^ inn paper 
'^ [otion of a small Sphere ih an Elastic Medium/' 
the former of these solutions tlie eondusioti arrived 
. stated : — ''When a small sphere moves in a medium 
with a velocity small compared to the velocity of propa- 
jn in the medium^ and in any manner except in rapid vibra- 
.ons, the pressure on its surface is at every point v«ry little 
different from the pressure of the medium at i^est.^' Having 
made these r^erences^ I think it unnecessary to adduce the ana<> 
lytical reasoning in detail : it may suffice for the preseilt purpose 
to indicate the principles on which it proceeds^ which are as toU - 
lows. In an article '' On the Central Motion of an Elastic 
Fluid/' contained in the Philosophical MagaBine for January > 
1659j I have obtained the following general values of the velo- 
city y and condensation S at the distance r from the centre ak 
bUj time t : — 



V=— 2.-< iwcos — (r-f #ca^+c) >, 
#caS=— S.^ ± mcos — (r^«a/ + c) p 



The ratio of the coefficients of corresponding terms in the 

2'WT* 

two groups of terms that make up the value of V i3 — , 

At 

which^ for a given value of r, is smaller as X is greater and the 
vibrations less rapid. Hence as Y approaches to uniformity for 
a given value of r, this ratio becomes indefinitely small^ and the 
first group of terms vanishes in comparison with the other. 
Hence also the value of aS is of insensiole magnitude ; and the 
effective pressure, which varies as o'S, may be exceedingly small 
notwithstanding the large factor a, when, in consequence of the 

motion being nearly uniform, the ratio ~ must be exceedingly 

At 

small for a given small value of r. If the fluid be supposed to 
be disturbed by the motion of a small sphere, the velocity im« 
pressed by the sphere is at each instant directed to or from its 
centre, because, being perfectly spherical, it is incapable of impres- 
sing motion in any other directions. Now from the principle of 
rectilinear axes of propagation (which results from reasoning given 
in a paper ^' On a New Fundamental Equation in Hydrodyna- 
mics,^' in the Cambridge Philosophical Transactions, vol. viii. 
part 1, art. 7, and in a communication to the Philosophical 
Magazine for December 1853, Prop* X.)| it follows that this 
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impressed motion is rectilinearly propagated from the moving 
centre. Hence if be the angle which any radius makes with 
the direction of the motion^ the above expressions for V and S 
are applicable to this case if the right-hand side of the equations 
be multiplied by cos 0. Hence it may be inferred^ as above, 
that in proportion as the motion of the small sphere tends to be 
uniform, the value of a^S becomes insensible. If the analysis 
had embraced the square of the velocity, no resistance would 
have been found, because the velocities impressed by the pre* 
ceding and following halves of the sphere are equal with oppo- 
site signs, and consequently the pressures on the opposite hemi* 
spheres, so far as they depend on the square of the velocity, 
destroy each other. 

These considerations seem to justify the inference, that a 
planet composed of discrete atoms of the kind assumed above, 
might pass through the sether and put it in motion without suf- 
fering sensible retardation. Any sensible resistance of the sether 
would first become apparent in the case of a comet moving in an 
excentric orbit with a rapidly varying velocity. As the above 
explanation of the non-resistance of the luminiferous medium to 
the motions of the planets essentially depends on the supposed 
spherical form of the atoms, it is so far a confirmation of the 
truth of the supposition. It may also be remarked that, accord- 
ing to the principle of the coexistence of small vibrations, the 
motions impressed by the atoms disturb in no respect the trans- 
mission of light-undulations in the neighbourhood of a planet or 
comet. 

Cambridge Ob8ervatory> 
April 20, 1869. 

LVIII. Observations on the Theory of Equations of the Fifth 
Degree. By James Cockle, M.A., F.R.A.S., F.C.P.S. ^c* 
[Continued from vol. xiii. p. .364.] 
34. T ET US apply the foregoing discussion to the trinomial 

^ a^s+Aa^^+As^O, 

by means of the auxiliary equation 

35. If we eliminate x, the quintic in y will be solvable pro- 
vided the resolvent product dQ) vanishes. 

36. The development of 

0(i/) = 0{px + a^)^O 
* Communicated by the Author. 
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IS the biquadratic, injp, 

in which t and x ^^'^ defined by 

r(tt) = WjW^ + %% + W3W4 + t^^Wg + ttgt/j, 

;j^(tt)=2r(«)-2ttitt2. 

37. But, if 

Fi(«)=2tt« + (i«+tS)2wit^+ ^5 .r(w), 

we are led to 

{F(tt)}«-(22««-.2«it/2)FW +^(t*)=0. 

38» Consequently, if can be determined generally, F, r, j^, 
p, y, and a? will be known. 

39. The algebraic roots, if any exist, of the above trinomial 
are all included in the expression 

as those of the general quintic are in the corresponding formula 

40, Hence, instead of proceeding by the above transforma* 
tion, we may, when d{x) is known, seekX by means of the rela- 
tions given in art. 36 of Euler's paper, to which I have already* 
referred. 

40. In a paper which will be printed in the forthcoming 
(fifteenth) volume of the Manchester Memoirs, I have given the 
coefficients of the equation in d{x) when the given quintic is of 
the above trinomial form. Mr. Harley has verified them all, 
and has devised a striking process of calculation^ of which I 
have availed myself in obtaining some of the above results. For 
the expression r{x) in the general case I am indebted to Mr. 
Harley, who brought it under my notice in a correspondence to 
which my paper gave rise. At first I had employed, in parti- 
cular instances only, an operation equivalent to F^ 

4 Pump Court, Temple, E.G., 
April 26, 1859. 

* Vol. XV. pp. 389-90, where the S which occurs in the symmetric pro- 
duct equals P^+R. 
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LIX. Notes on certain Vibrations produced by Electricity. By 
J. D. Forbes^ Professor qf Natural Philosophy in the Univer^ 
sity of Edinburgh^. 

IN the course of Iftst sUEvn^r (1.858)> I became acquainted 
with a phsenomenon described by Mr. Gore in the Philoso- 
phical Magazine for June (Supplement^ p. 519)^ of the following 
nature : — A metal cylinder, supported on two metallic rods or 
rails^ the latter being in connexion respectively with the poles of 
a battery, revolves in either direction^ at will, under the action 
of an electric current copious in quantity* Also continuous rota* 
tion of a light copper ball, supported on two circular metallic 
rails, takes place in dther direction at pleasure, depending on 
the first impulse. It appeared to me very probablQ that this in- 
teresting fact might b6 applied to explain what is still obscure 
in the experiment on heated metals, generally known as the 
"Trevelyan Experiment,^' described by Mr, Trevelyan in the 
Ildinburgh Tiansactipns, vol. xii., where there is also a paper by 
myself on the same subject. With a view to elucidate the expe- 
riment, I had Mr. Gore's circular railway and ball constructed 
some months since by Mr. Kemp. I had not an opportunity of 
seeing it tried until October 19, when I found it to answer well 
with four Bunsen's pairs connected for quantity. The same 
day, in Mr. Kemp's laboratory, I laid a brass "Trevelyan" bar 
or rocker on the edge of the brass plate forming the outer rail 
of Mr. Gore^s machine, and connecting the rail with, one pole of 
the same battery, and the bar (by means of a globule of mercury 
inserted in a cavity in its upper surface) with the other, energetic 
vibrations commenced quite resembling those occasioned by hoot 
in the ordinary form of the experiment on a leaden support. 

I have since found, among other results, — (1) That the vibra- 
tion goes on in whichever direction the electric current passes. 
[At first I thought that there was a superior effect when the cur- 
rent passed from a good to an imperfect conductor ; but this haa 
not been confirmed, as far at least as I have gone.] (2) The vibra- 
tions take place both between metals of the same land and hete- 
rogeneous metals. (3) When heat is applied to a brass bar 
.vibrating on cold lead, and then electricity is applied as before^ 
the effects are superadded to one another, whichever way the 
current passes, the vibrations becoming more energetic ; and if 
there be a musical note, it becomes graver [owing, it isassumed, 
to the increased arc of vibration] . (4) When a bar of brass was 
placed so as to vibrate on two parallel upright plates, also of 
brass, respectively connected with the poles of a battery, the 

* From the Edinburgh New Philosophical Journal fku April 1869il . . 
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vibrations continued wben tbe whole was immersed partly or 
wholly in water, and even when flooded by a powerful continued 
stream of cold water from a |^-inch pipe under considerable 
j)ressure. From this experiment I conclude that the eflFect of 
the heat developed by the electrical current in the thin upright 
plates may be fairly considered to be reduced so low as to be 
incapable of producing a sensible result (if such were ever the 
case). Indeed, allowing for the resistance and friction of the 
water tending to diminish the vibration, there is no ground for 
thinking that the action was less energetic in the one case than 
in the other. It is consequently reasonable to conclude that the 
effect in question is due to the repulsive action of the electricity 
in passing from one conducting body to another, and not to its 
effect in producing expansion. 

Now this is precisely the effect which I attributed to heat In 
the paper of 1833 already referred to. I therefore consider it a 
strong confirmation of the opinion I then expressed, from which 
I have never swerved, although it has not in general been received 
with much favour. The importance which I attach to this new 
confirmation, and the suggestiveness of Mr. Gore's experiment 
on the rolling-ball, will be judged of from the fact, that in 1833, 
^r earlier, I had an apparatus made consisting of a bar resem- 
bling Mr. Trevelyan's, but longitudinally divided by a non>con*> 
ducting partition ; while the two conducting sides were furnished 
with mercury cups for connecting them with the poles of a bat- 
tery, the circuit being completed through the metallic base. 
The instrument exists, or existed a few years ago, though I am 
at present unable to find it. As well as I recollect, it was tried 
with an old-fashioned Cruickshank's battery of fifty pairs, with- 
out success. Indeed I now find that, even with modern appli- 
ances, the experiment does not succeed when the circuit is only 
closed whilst both points of bearing of the rocker touch the mass 
or support. 

December 20, 1858. 

Since the date of the preceding notice (which was prepared 
for being laid on the table of the Eoyal Society at their meeting 
on the 20th ult.), I have continued and extended these experi- 
ments. As they are still in progress, I will content myself with 
mentioning two results as worthy of notice. I have obtained 
very active vibrations of carbon (such as is used in one of the 
elements of Bunsen's battery) resting upon brass, and also when 
it rests upon two pieces of carbon connected with the terminals 
of a battery. For this purpose, a battery having a certain 
amount of intensity is requisite, in order to overcome the resist- 
«noe of carbon as a conductor ; but the vibrations are most ener- 
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getic. The extremely small expansion which takes place in 
carbon by heat is another argument against that view of the 
Trevelyan experiment. The other experiment to which I refer, 
is^ that bismuth (and perhaps other metals) are not merely inac* 
tive as vibrators with any electric power which I have used, but 
the passage of electricity through them appears to have a 
quellinff power which brings the rocker to instantaneous rest ; 
yet Usmuth permits a far fr^er passage of electricity than car- 
bon : in one experiment I found that sixteen times as much was 
conducted. Something analogous was formerly observed by me 
in connexion with heat applied to bismuth. I am now attempt- 
ing to investigate the subject further by experiment. 
January 3, 1859. 



LX. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

[Continued from p. 305.] 

November 25, 1858.— W. R. Grove, Esq., V.P., in the Chair. 

THE following communications were read : — 
"Researches on the Phosphorus-Bases." — No. III. Phos- 
phoretted Ureas. By A. W. Hofmann, Ph.D., F.R.S. 

The existence in the nitrogen-series of a well-defined group of 
diamines of the formula 

A] 

rendered it probable that the continued study of the phosphorus-, 
arsenic-, and antimony-bases would lead to the discovery of the cor- 
responding terms, . . . V 

bAV,, ^J As, and BASh,, 

which might be designated as diphosphines, diarsines, and distibincs ; 
and the further prosecution of this line of thought very naturally 
Suggested the idea of searching for a group of intermediate compounds 
containing simultaneously nitrogen and phosphorus, nitrogen and 
arsenic, phosphorus and arsenic, &c., compounds expressed by the 
formulae " ' ' 

-^2 I ^'2 I -^0 



which might be termed phosphamines, arsamines, phospharsines, &c. 
Among the several processes likely to furnish this result, none ap- 
peared more promising than the reaction between a monamine and a 
jnonophosphine of opposite chemical characters. 
. In the conception of this idea, I have studied the deportment of 
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eT&me acid and scmie of its derivatires with phospboretted hydrogen 
and its homologaes, in the hope of producing combinations similar 
in constitution to the ureas, but differing from these substances by 
containing phosphorus in the place of one equivalent of nitrogen. 

The action of cyanate and sulphocyanide of phenyle, an account of 
which I have lately* submitted to the Royal Society, upon triethyl- 
phosphine, seemed to include the conditions for the realization of 
such compounds. 

On brining cyanate of phenyle in contact with triethylphosplune, 
a most lively reaction ensues ; the mixture begins to boil, and the 
phosphorus>base is apt to be inflamed. On cooling, the Uquid soli- 
di6es into a crystalline mass, which is insoluble in water, soluble in 
alcohol and ether, and crystallizes from the latter solvent in beautiful 
little square tables, tasteless, inodorous, and infusible at 100^ C. On 
submitting this compound to analysis, I was surprised to find that 
it contfdned no phosphorus, and that it exhibited the composition 
of the original cyanate of phenyle, from which it differs so essentially 
in its properties* This substance is the cyanurate of phenyle^ gene- 
rated ^m the cyanate by simple transposition of the elements. The 
triethylphosphine participates only indirectly in the reaction; in 
giving rise to the transformation of the cyanate, the phosphorous 
body plays the part of a ferment, a comparison which is moreover 
suggested by the large proportion of cyanate over which the influence 
of a minute quantitv of phosphorus-base extends. A glass rod 
moistened with triethylphosphme solidifies, almost instantaneously, 
a considerable quantity of the cyanate. The transformation of the 
cvanate under the influence of triethylphosphine, into cyanurate, 
although the principal phase of the reaction, is attended by other 
changes which I intend to examine more minutely by and by. 

Very different results were obtained by substituting for the cyanate 
the sulphocyanide of phenyle. The reaction between this body and 
triethylphosphine is very violent, and frequently gives rise to the in- 
flammation of the phosphorus-base. The mixture assumes a deep 
yellow colour, and often deposits splendid yellow needles on cooling; 
frequently, however, it remains liquid for hours and even for days, 
but suddenly solidifies, when touched with a glass rod, into a hard, 
yellow, crystalline mass. This substance is insoluble in water ; it 
dissolves with the greatest facility in alcohol, hot or cold, likewise in 
warm, less so in cold ether. Kecrystallization from boiling ether 
affords, in fact, the best means of procuring the new body in a state 
of purity. This end is likewise considerably facilitated, by allowing 
the sulphocyanide of phenyle to act upon the triethylphosphine in the 
presence of a considerable quantity of ether. 

In the pure state the new compound presents itself in the form of 
well-defined prisms of uranium-yellow colour, which fuse at 61° C. 
They cannot be heated much beyond their fusing-point without being 
altered ; at 100° C. they are entirely decomposed, evolving a most 
peculiar odour, which is also observed on evaporating the ethereal 
mother-liquor« 

* Proceedings, vol. ix. p. 274. 

Phil. Mag. S, 4. Vol. 17. No. 115. May 1859. 2 B 
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The new compound possesses the characters of a w^U*ii^finp<|'|)f^ 
Quite insoluble in water, it dissolves in the most dilute acids> fqn^r 
ing with some of them, such as hydrochloric and hydrobromic aci(|, 
beautifully crystallized saline compounds. From these salts th^ bas^ 
may be separated again by cautiously adding either potassa or am- 
monia. The hydrochloric solution of the base yields with diphloqde 
of platinum a yellow cirstalline precipitate, sparingly soluble ^u 
water, insoluble in alcohol and ether. 

Analysis of the yellow crystals, dried over sulphuric acidi led to 
the formula 

G^e Hao N PS3, 

which shows that they are formed by the simple union of the two 
substances placed in contact : 

C,, H, NS,+C,, H,, P=C,e H,o N PS,. 

Snlpbocyanide Triethyl- New compound, 
ofphenyle. phospbine. 

If we consider urea as a diamine derived from diammopia by tb<» 
substitution of the diatomic molecule carbonyle (C^ O^)" for 2 equivs. 
of hydrogen, ^^ q y, > 

UreaC,H,NO,= h/ N,. 
H, j 

— the simplest perhaps of the many views brought forward r^gfirding 
the constitution of urea, — the new substance, which formation as irell 
as chemical deportment essentially characterize a9 an analogue qf 
urea, may be represented by the following formula : — 

(C,8,)" 1 
C,eH,„NPS,= (C.H,), InP; 
(C„H.)(C,H,)j 
that is, urea, the oxyeen of which is replaced by sulphur, the hydrogen 
by ethyle and phenyle, and lastly, half the nitrogen by phosphorus. 

The formation of this compound presents considerable interest, not 
only as an illustration of the remarkable persistence of the type urea^ 
but also as furnishing the first unequivocal instance of the formation 
of ureas containing no longer any unreplaced hydrogen, the existence 
of which had as yet remained doubtful. 

The new urea forms, as I have stated, a series of well-defined beau-* 
tifully crystallized salts. Its solution in warm hydrochloric acid 
solidifies, on cooling, into a crystalline mass, which, when reerystal- 
lized from warm water, is obtained in splendid needles of a bright 
cadmium-yellow colour, often several inches in length. They are 
decomposed at 100° C, and must therefore be dried over sulphuric 
acid in vacuo. Analysis proved them to contain 
C,eH,oNPS„HCl. 

The solution of this salt yields with dichloride of platinum ahrigh^ 
yellow precipitate, which under the microscope is found to consist of 
small lily-shaped crystals. Dried over sulphuric acid in vacuo it 
contains C,, H^o N PS^ HCl, Pt (31,. 
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Th^ hydrochlorate yields also a precipitate with trichloride of gold ; 
the salt is, however, rapidly hlackened. 

The hydrohromate, both i» preparation and properties, resembles 
tjje hjdrochlorate. Its composition is 

C,,H,oNPS„HBr. 

The urea rpadily combines with iodide of methyle and ethyle. The 
nipthylf TCQmpound immediately separates in the crystalline form on 
mixing an ethereal solution of the urea with iodide of methyle ; it is 
soluble in water, and crystallizes from a boiling solution in beautiful 
golden-yellow needles, containing 

GagHjjoNPSj,, CaHgl. 

The iodide, by the action of chloride of silver, may be converted 
into the chloride ; this yields with dichloride of platinum a fine 
needle-formed salt, which may be recrystallized without decomposi- 
tion« The formula of this platinum-salt is 

C,eH,,NPS„C,H3Cl,Pt,Cl,. 
When treated with oxide of silver, the iodide furnishes a powerfully 
alkaline hquid, probably the corresponding base 

[(C, H,) ((C, S J" (C, H.), (C„ H,) N P)] 1 Q^ 

Scarcely separated, however, this substance decomposes with liberaT 
tion of sulphocyanide of phenyle, the oxide of methyl-triethylphpfr: 
phopium remaining in solution. This salt is sufficiently characterized 
by the readily crystallizable octahedral platinum-salt. 

I have not been able to obtain either the sulphate or the nitrate of 
the urea, probably on account of the great instabiUty of the new 
Sjibstance. 

. Qn dissolving the base, even in dilute nitric acid, it is immediately 
decomposed with separation of sulphocyanide of phenyle, the triethylr 
phosphine being oxidized. Tl-e same change is observed when one 
of the more stable salts, such as the hydrochlorate, is dissolved in 
a large quantity of water ; the liquid soon becomes turbid from the 
elimination of oily globules of sulphocyanide of phenyle, and now con- 
tains the hydrochlorate of the phosphorus-base. 

On adding ammonia to a salt of the urea, similar phenomena are 
observed. From a concentrated solution, the base is separated with- 
out change ; but when dilute and hot solutions are employed, the 
turbidity at first produced disappears, and after a few minutes beau- 
tiful crystals of phenyl-sulphocarbamide (C14 Hg Njj SJ * make their 
appearance ; at the same time the odour of triethylphosphine be- 
comes perceptible. 

With potassa the deportment is perfectly analogous, but the cry- 
stals formed after some time are diphenyl-sulphocarbamide (sulpho- 
carbanilide, C^^ H^^ N2 SgJ instead of phenyl-sulphocarbamide. 

On adding to an ethereal solution of the urea a few drops of bisul- 
phide of carbon, the liquid, when gently heated, assumes a deep 
crimson colour, and deposits, on cooling, the beautiful compound 
(C4 'H.s\ P, Ca % which I have described some time agof. The 
* Proceedings of the Royal Society, vol. ix. p. 276. f Ibid. p. 290. 
2B2 
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mother-liquor yields on evaporation oily drops of sulphocyanide of 
phenyle. 

The deportment of triethylphosphine with sulphocyanide of 
phenyle induced me to investigate the action of this hoay upon several 
other sulphocyanides. The substance which at once suggested itself 
for examination was sulphocyanide of allyle, mustard-oil. This com* 
pound reacts most powerfully with the phosphorus-base. On mixing 
the two bodies, a powerful evolution of heat takes place, and the 
mixture assumes a deep brown colour, but does not solidify either on 
cooling or on agitation. After several days' standing, however, very 
large well-defined crystals are deposited which unfortunately are con* 
taminated with the brown colouring matter of the solution. I have 
not yet succeeded in getting them perfectly white, and have there* 
fore not analysed them. Their formation, however, and their general 
characters leave no doubt that they are the corresponding aJlyle- 
compound^ 

(C,H.)(C.H.)J 

Triethylphpsphine has remained in contact with sulphocyanide of 
ethyle for more than a month without depositing any crystals. 
A priori, however, the formation of an urea under these circumstances 
was doubtful, since sulphocyanide of ethyle differs from the corre- 
sponding phenyle- and allyle-compounds, even in its deportment 
with ammonia and the monamines. 

In concusion, it deserves to be mentioned that there appears to 
exist a similar series of arseniuretted ureas. Triethylarsine, when left 
for some weeks in contact with sulphocyanide of phenyle, deposits 
smaU crystals of a body which I believe to be the arsenic-compound 
corresponding to the phosphorus-urea described in this paper. This 
body requires a more minute examination. 

*' On the Deflection of the Plumb-line in India caused by the 
Attraction of the Himalaya Mountains." By the Venerable Areh- 
deacon Pratt. 

" Note on Archdeacon's Pratt's paper on the Effect of Local 
Attraction on the English Arc." By Captain Clarke, R.E. 

"On the Thermal Effects of Compressing Fluids." By J. P. 
Joule, LL.D., F.R.S. ^ 

The author in this paper gives an experimental demonstration of 

the correctness of Professor Thomson's formula, 0= -^, where Q is 

JK 
the thermal effect, T the temperature from absolute zero, e the ex- 
pansibility by heat, p the pressure, J the mechanical equivalent of 
the thermal unit, and K the capacity for heat. The fluids experi- 
mented on were water and oil, with the results tabulated below:-* 
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15-64 


0-0450 


0-0476 


16 


7-92 
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17-29 


15-64 


0-1686 
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I 


16-27 


25-34 


0-2663 


0-2837 



December 9. — Sir Benjamin Collins Brodie, Bart.^ President, in the 

Chain 

The following communications were read : — 

** Researches into the Nature of the Involuntary Muscular Tissue 
of the Urinary Bladder." By George Viner Ellis, Professor of Ana- 
tomy in Uniyersity College, London. 

" On the Ova and Pseudova of Insects." By John Lubbock, Esq., 
F.R.S., F.L.S., F.G.S. 

December 16. — Sir Beujamm C. Brodie, Bart., President, in the 

Chair. 

The following communications were read :— * 

Extract of a Letter from Professor Lamont to Major- General 
Sabine, Treas. and V.P.R.S., dated Munich, Dec. 19, 1858. 

"My magnetic observations in France, Spain, and Portugal are 
now published, and a copy for you is on the way. The observations 
of last summer are under the press. They comprehend about thirty 
stations in the North of Germany, Belgium, Holland, and Denmark. 
Next year I am going to Italy, and in 1860 I intend to revisit 
Spain, in order to observe the total eclipse of the sun, and also 
to make magnetic observations. 

" I have found that on the Continent the lines of horizontal intensity 
move from south-west to north-east, making an angle of about 20° with 
the meridian, that is, in a direction coinciding with 0ie lines of de« 
clination. The lines of inclination seem to move in the same direc- 
tion, and the motion of the lines of declination will probably coincide 
ivith the lines of horizontal intensity. Calling +AH and --At the 
annual changes of horizontal intensity and inclination of a central 
station (suppose London), the annual changes for a place situated x 
degrees in latitude to the north, and y degrees in longitude to the 
west, will be — 

. AH — 0*00018^; +0*00008y (absolute measure, French units), 
—At +0'-21a? — 0'-09y. 

*' The new survey of the British Islands will offer an opportunity of 
testing the correctness of these formulae." 
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" Description of a mutilated skull of a large Marsupial Carnivore 
(Thylacoleo Camifex, Ow.), from a conglomerate stratum; eighty 
miles S.W. of Melbourne, Australia.'' By Professor Rj Owen, 
F.B.S. ftc. 

" On the Nature of the Action of Kred Gunpowder." By Lynall 
Thomas, Esq. 

Since the year 1 79 7> when Count Rumford made his experiments 
for ascertaining the initial force of fired gunpowder, an account of 
which appears in the Philosophical Transactions of that year, very 
little light has been thrown on the subject. . Count Rumford's ex- 
periments, valuable in many respects, afforded indeed nothing con- 
clusive respecting it. 

The object of the present paper is to show the unsatisfactory nature 
of the present theory of the action of gunpowder, and to ppint out 
some of the principal errors upon which this theory is based. For 
this purpose, the results of vanous experiments made by the author, 
and which were repeJited in the presence of a Select Committee at 
Woolwich, are described and explained. 

These experiments are held by the author not only to afford com- 
plete evidence of the unsoundness of the present theory^ but as 
sufficiently conclusive to serve as a basis for the formation of a new 
set of formulae, both correct and simple, in place of those at present 
in use. 

The initial action of the fired charge of powder upon the shot, — 
the first movement of the shot itself in the gun, — ^and the force exerted 
upon the gun by different charges of powder, — and, therefore, the 
actual strength of metal required for the gim, — are circumstances, 
which, as the author believes, have not only been misunderstood; but 
for which laws have been assigned directly opposed to the truth. 

As an instance of this, the hitherto received theory supposes^ 
that when a shot is fired from a gun, it acquires its velocity graduidly, 
from the pressure of the elastic fluid generated by the fir^ f)Owder 
acting upon it through a certain space. It is also supposed that the 
initial pressure of this elastic fluid is the iame in all cases (the quantities 
of powder being proportional), whether the gun from which the shot is 
fired be large or small ; so that the larger the caHbre of the gun, the 
slower the first movement of the shot is supposed to be. The resnk 
of the following experiment is given to prove that the first of these 
propositions is incorrect. The author placed a cast-iron shot 3 inches 
in diameter and 3 lbs. 14 ozs. in weight upon a chamber half an in(^ 
in diameter and half an inch deep. This chamber was formed in it 
block of gun-metal, and contained, when filled^ one dram of powdelr. 
Upon Ughting the powder, the ball was driven to a height of 5 feet 6 
inches ; when the ball was placed at \ ofan inch over the chamber, 
the charge failed to move it. 

From this it is inferred that ikhe first force of the powder is an t»wv/. 
sive force, that is to say, it imparts to the shot at once a finite velocity. 
In order to place the matter beyond a doubt, and to ascertain the 
relative force of different quantities of powder, the author caused ii 
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chamber tq be made similar in form to, but of twice the linear dimen- 
sions of, the former ; he then placed a cast-iron ball of 6 inches 
in diameter upon the orifice of this chamber, which was filled with 
powder ; upon firing the latter, the ball was driven up to a height of 
JLl feet, that is to say, to double the height of the smfdler ; the state of 
the metal in which the chamber was formed also showed the increase 
in the initial force of the powder : this is considered to be sufficient 
proof that the last two of the above-mentioned propositions are as 
incorrect as the first. 

Assuming the initial force of the powder to be of an impulsive 
nature, it is not difficult to understand the increase of force shown 
in the last-named experiment, inasmuch as a certain time being re- 
quired for the complete conversion of the powder into an elastic fluid, 
a quantity contained in a chamber of a similar form, but of greater 
linear dimensions than another, must ignite in a less comparative 
time, the linear dimensions increasing in the ratio of the first power, 
and the quantity of powder increasing in the ratio of the third power, 
so that the fiame will traverse a larger quantity in comparative less 
time. 

Thus it appears that the powder which inflames more rapidly has 
a much greater initial force, being more concentrated in its action ; a 
quick burning powder therefore is better for ordnance of small length, 
such as mortars and iron howitzers. The different results produced by 
powder of different quality have, according to the author, been en- 
tirely overlooked in the hitherto received theory. This theory, which 
considers the secondary force, namely, the elasticity of the fluid only, 
and takes no account whatever of the enormous impulsive, or initial 
forcp, produced by the sudden conversion of the powder into an elastic 
fluid, is that which regulates the system upon which ordnance are at 
present constructed ; hence the reason why large guns are so liable 
to burst, so much so, that it has been said that no gun larger than a 
32-pounder is safe to fire. From the variety of experiments made 
by the author, he arrives at the conclusion, that when powder is of the 
same quality, and confined in chambers of similar form, but of differ- 
ent sizes, the initial force varies, within certain limits, in the ratio of 

-J , wherie w is the weight of the powder and w' of the ball. 

Thus were this new theory recognized, the question of the in- 
crease of strength with increased thickness of metal, would wear an 
entirely new aspect. So far from the metal in large guns diminishing 
in strength in the proportion assumed, it will be a matter for inquiry 
how it resists the great strain to which it is subjected, rather than 
why it yields ; for we find from the experiments described above, 
that a 68-pounder gun, which has a calibre of twice the diameter of 
a 9-pounder gun, must, when fired with the game proportionate 
charge of powder as the latter^ continually be subject to as great a 
strain as the latter would suffer if always fired with the proof charge, 
which is three times the quantity of the ordinary service charge. 
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January 6, 1859. — Sir Benjamin C. Brodie^ Bart.^ President, in the 

Chair. 

The following communicatious were read :*— 

Letter to Dr. Sharpey, Sec. R.S., from Dr. Thomas WiUiams, 
F.R.S., dated Swansea, Dec. 12, 1858. 

«« A Sixth Memoir on Quantics." By Arthur Cayley, Esq., P.R.S. 

*' Contributions towards the History of the Monamines." By 
A. W. Hofmann, LL.D., F.R.S. 

2. Jetton of Bisulphide of Carbon upon Jmylamine. 

In a note on the alleged transformation of thialdine into leucine, 
addressed to the Royal Society about eighteen months ago*, I 
alluded to a crystalline substance observed by Wagner when sub- 
mitting amylamine to the action of bisulphide of carbon. This sub- 
stance was not analysed, but cousidering its mode of formation, 
Wagner suggested that it might possibly be thialdine. 

C,o H,3 N-l-C, S,=C,, H„ NS,. 

Amylamine. Thialdine. 

A superficial comparison of the properties of thialdine with those 
of the substance produced by the action of bisulphide of carbon upon 
amylamine, enabled me at once to recognize the difference of the two 
bodies ; and satisfied with the result, I did not at the time examine 
more minutely into the nature of the latter substance. 

The new interest conferred upon leucine by recent researches 
which characterize this substance as capronamic acid, has called my 
attention back to the sulphuretted derivative of amylamine. 

This body may be readily procured by mixing anhydrous amyl- 
amine with a solution of dry bisulphide of carbon in anhydrous 
ether. The mixture becomes hot, and deposits, on cooling, white 
shiny scales which are scarcely soluble in ether, and may therefore 
be purified by washing with this liquid. 

The new body is likewise insoluble in water, but readily dissolves 
in alcohol ; when dry, it may be exposed for a time to a temperature 
of 100° C. without undergoing fusion ; after some time, however, the 
substance begins to be liquefied and to undergo complete decom* 
position. The same change occurs, although more slowly, at the 
common temperature, when sulphuretted hydrogen is evolved; a 
mixture of free sulphur with a new crystalline substance, extremely 
fusible, insoluble in water, but soluble both in alcohol and ether, 
remaining behind. 

Analysis has proved that the compound produced by the action 
of bisulphide of carbon upon amylamine contains 

C„ H,3 NS„ or rather C,, H,, N^ S^ ; 
♦ Proceedings, vol. viii. Op. 4. 
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and that it is formed by tbe union of 2 equivalents of amjlamine 
with bisulphide of carbon. 

2C,,H,3N+C3S,=C^H^N,S, 

Amylamme. New compoand. 

A glance at this formula suffices to characterize this compound as 
amylsulphocarbamate of amylamine. 

C.H.N.S,-C..H„N.C„H.;NS,-t(C.S.)''(C.H )H N] )^ 

This view is easily confirmed by experiment. Addition of hydro* 
chloric acid to the crystalhne compound immediately separates an 
oily liquid^ which gradually sohdifies, and the acid solution now con- 
tains amylamine which may be liberated by potassa. The oily sub- 
stance is obviously amylsulphocarbamic acid : it dissolves in ammonia 
and in potassa ; mixed with amylamine^ it reproduces the original 
crystalline compound. 

Experiments with ethylamine have furnished perfectly analogous 
results. I have been satisfied to establish qualitatively the analogy 
of the reactions. 

It is of some interest to compare the deportment of amylamine 
under the influence of bisulphide of carbon with that of phenylamine 
in the same conditions. If both bodies gave rise to similar changes, 
we should expect in the case of phenylamine the formation of phenyl- 
sulphocarbamate of phenylamine. But experiment has proved 
that phenylamine immediately produces diphenyl-sulphocarbamide 
(sttlphocarbanilide), sulphuretted hydrogen being evolved — 

Phenylamine* Diphenylsulpho- 

carbamide. 

Nevertheless it is extremely probable that further experiments 
will establish a perfect analogy in the deportment of bisulphide of 
carbon with amylamine and phenylamine. Diphenyl-sulphocarba- 
mide is probably the product of decomposition of a very unstable 
phenylsulphocarbamate of phenylamine — 



Phenylsulpbo- Biphenylsulpho* 

carbamate of carbamide, 

phenylamine ? 

while a more minute examination of the crystalline substance 
obtained by the action of heat upon amylsulphocarbamate of amyl- 
amine cannot fail to characterize it as diamylsulphocarbamide — 



C« H,e N, S,=H, S,+C,, H,, N, S, 



Amylsnlphocarbi- Diamylsulpho- 

mate of amylamine. carbamide. 
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The apparent dissimilarity of the two reactions would thus bis 
reduced to the unequal stability of the sulphocftrbamic acids of th^ 
amyle- and phenyle-series. 

"On New Nitrogenous Derivatives of the JPhenyle- and Benzoyle- 
serjes." By P. Griess, Esq. 

Piria's important discovery that the action of nitrous acid upon 
asparasine gives rise to the formation of malic acid, has led to a very 
general apphcation of this agent in the study of nitrogenous sub- 
' stances. The results obtained have been almost always analogous 
to those produced by Piria ; the reaction may be illustrated by the 
following examples : — 

(Ce H,0.)" I N+2NO.=H,0,+4N+(C. ^.^ " } o, 

N ^-L^ V ^ , 

Asparaglne. Malic acid. 

^''h } N+N03=HO+2N+ ^i»5« I O,. 

Phenylamine. Phenol. 

The plan hitherto adopted consisted in submitting the aqueoui 
solution of the nitrogenous body directly to the action of nitrous 
acid, or in dissolving the body in nitric acid, and passing into the 
solution a current of binoxide of nitrogen. By employing aleohoUe 
and ethereal solutions, I have arrived at different results, establishing 
a new mode of reaction ; of the facts which I have observed the fol- 
lowing may be quoted as illustrations. 

Action ofNitrom Acid on Picramic Acid. DiazodinitrophenoL 

On passing a current of nitrous acid into an alcoholic solution of 
picramic acid— 



C„H.N.O„=Ci,(g^6.),)o^ 



the red liquid assumes at once a yellow colour, and furnishes rapidly 
a copious deposit of yellow crystals. No gas is evolved during the 
reaction. The yellow crystals, purified by recrystallization from 
alcohol, are found to contain 

C,,H,N,0,o. 
and are obviously formed according to the equation — 
C,, H, N3 0,o+ N03=3HO+C,, H, N, 0,^. 
The new body, for which I propose the provisional name diazodi- 
nitrophenol, is soluble in alcohol and ether, and crystallizes from the 
former solvent in magnificent golden-yellow plates, which detonate 
on heating. Acids have no action upon this substance ; on ebulli- 
tion with water it appears to undergo decomposition ; alkalies induce 
at once a copious evolution of gas, and give rise to the formation of 
dinitrophenol. This metamorphosis appears to indicate that the 
new body still belongs directly to the phenol-gronp ; the constitu- 
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tion of diazodinitrophenol may perhaps be best understood bj t^ 
presenting it by the formula 



c„((Nd),^o,, 



The transformation of this compound into 

- <=»(A>- 

involves the decomposition of 2 eauivs. of water, the oxygen of 
i^hich appears to be consumed in the formation of secondary pro- 
ducts of decomposition. No trace of oxygen, either free or com- 
bined, could be found among the gaseous products ; the gas evolved 
consisting, according to a minute examination, of perfectly pure 
nitrogen. 

DiazonitrocMorphenoL 
Treatment in a similar manner of amidonitrochlorphenol 

a new mixed derivative of phenol, as might have been expected, has 
furnished perfectly similar results. The new compound thus ob- 
tained crystallizes in beautiful brown-red needles, of physical and 
chemical properties similar to those of the preceding compound. 
It contfdns 

C,,H,ClN.O.=C„(gi5jo,. 

IHazonitropkenoi» 

This substance is formed by submitting the ethereal solution of 
diphenamic acid. 



C^ H„ N,0„=C„ ( (NOJ,) O,. 
V(H,N)/ 



discovered hj Qerhardt and Laurent, to the action of nitrous add. 
It is a yellow, crystalline, very unstable compoundi icontaining 

H. 



C^H.N;0„=C^((Ngl^O,; 



it explodes tHth extreme violence Ht the temperature of boiling 
water. The idkahes decompose it instantaneously with evolution of 
nitrogen and ft>rmation of products which are not yet analysed. 

Action of Nitrous Acid upon Benzamic Acid,' 
The product obtained in a similar manner from benzamic acid is 
an^ orangery ellow crystalline precipitate, which constitutes a dibasic 



Digitized 



by Google 



872 Royal Society. 

acid of the fonnala 

C«.H,,N,03. 

Its fonnation is illastrated by the foUonring equation : 

C^ H,, N,Oe+N03==3HO+C^ H,, N3O3. 



2 eqoivs. of ben- New add. 

zamic acid. 

This acid is insoluble in water, alcohol, and ether. It is dissolved 
without decomposition by the alkalies in the cold, giving rise to the 
formation of soluble crvstalline salts, which produce precipitates 
with nitrate of silver and acetate of lead. 

All these salts are decomposed on heating, with evolution of nitro- 
gen gas. The action of fuming nitric acid upon the dibasic deriva- 
tive of benzamic acid produces a new acid, furnishing with barium a 
splendid yellow ciyBtalline salt. The dibasic acid is likewise decom- 
posed by hydrochloric acid ; in combination with this acid remains 
a body which can be sublimed in white crystals. 

An alcoholic solution of benzamic ether when treated with nitrous 
acid yields the ether of the acid previously described. 

The action of nitrous acid on alcoholic solutions of cuminamic and 
anisamic adds has likewise furnished new bodies, with the study of 
which I am at present engaged. 

Action 0/ Nitrous Acid on Phenylamine and Nitrophenylamine. 

Phenylamine, when submitted to the modified nitrous acid-process, 
is transformed into a fusible body containing 

which is insoluble in water and easily soluble in alcohoL This com- 
pound, which possesses feebly basic characters, is formed according 
to the equation 

C^ H,, N,+N03=3HO+ C^ H,, N3. 

V , / V , / 

2 equivs. of New com- 

Phenylamine. pound. 

Nitrophenylamine (the alpha-variety which is formed by the action 
of reducing agents upon dinitrobenzol), similarly treated, furnishes a 
compound crystallizing in beautifully red needles, 

the formation of which is represented by the equation 
C^H,,N,Q^-hNQ3=3HO+C,,H, N, O,. 

2 eqnivB. of Nitro- New com- 

phenylamine. pound. 

Treated with concentrated hydrochloric acid, the new compound re- 
produces nitrophenylamine. The action of chlorine and bromine 
upon it gives rise to the formation of new crystallized derivatives. 
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GEOLOGICAL SOCIETY. 

[Continued from p. 31 O.J 

March 23» 1859.— Prof. J. Phillips, President, ia the Chair. 

The following communications were read i-^ 
I. '* On some Amphibian and Reptilian Remains from South 
Africa and Australia." By Thomas H. Huxley, F.R.S., Sec. G.S., 
Prof, of Natural History, Government School of Mines. 

The author described in the first place the remains of a small 
Labyrinthodont Amphibian, which he proposed to call Micropholis 
Stowii. The fossil was discovered by Mr. Stow, and accompanied 
that gentleman's paper ** On some Fossils from South Africa," read 
before the Society on the 17th of November last, on which occasion 
Prof. Huxley expressed the opinion that it would prove to be an 
Amphibian, and probably a Labyrinthodont. 

It had been found impossible to work out the back part of the 
skull, so as to exhibit the occipital condyles ; but the chiuracters of 
the few cranial bones which remain, of the teeth, and of the lower 
jaw, and the traces of a largely developed hyoidean apparatus, 
afforded sufficiently convincing evidence of the affinities of Micros 
pholis. 

The generic appellation is based on the occurrence of numerous 
minute polygonal bony scutes on the integument of the under sur^ 
face of the head ; in which character Micropholis has a remote re- 
semblance to Archegosaurus, The scutes^ however, are very dif- 
ferent in their aspect from those of the last-named genus. 

Micropholis has little resemblance with any European Labyrintho- 
donts, except Metopias, and the singular so-called *' Labyrinthodon 
Bucklandi** from the Trias of Warwickshire, to the peculiarities 
of which the author alluded, proposing to consider it as the type of 
a new genus, which might be termed " Dasyceps.*' 

On the other hand, there are two southern forms of Labyrintho- 
dont, which exhibit many similarities to Micropholis, These are 
the Brachyops laticeps of Prof. Owen, from Central India, and a 
new form allied to Brachyops, but distinct from it, from Australia, 
This last was described and named Bothriceps au^tralis. 

The author stated that he was not prepared to draw any very 
decided conclusion, as to the age of the Karoo- or Dicynodon-beds, 
from the fact of the occurrence of Labyrinthodont Amphibia in 
them, inasmuch as the Lab3rrinthodonts range from the Lower Lias 
to the Carboniferous Formation inclusive ; and Micropholis is unlike 
any of the Labyrinthodonts whose precise age is known. 

The fragmentary remains of a young reptile, which were found 
associated with Micropholis, were stated by Prof. Huxley to be 
undoubtedly those of a Dicynodon, Of this, however, and of a 
small Dicynodont skull from the same locality, he promised to speak 
on a future occasion. 

The second part of the paper consisted of a description of the 
structure of the cranium, of the sclerotic ring, of a fragmentary 
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sacrum, and of the humerus of the new species of Dicynodon (2>. 
Murrayt) from near Colesherg» which was characterized at a previous 
meeting of the Society (February 23). Particular attention was 
directed to the unusually complete ossification of the cranio-facial 
axis, and to the striking resemblance in the structure of the bony 
walls of the olfactory apparatus to that which obtains in Birds. 
Prof. Huxley, in conclusion, gave a sketch of the general proportions 
of the Dicynodon, so far as the evidence as yet obtained allows a 
judgment to be formed, and particularly alluded to the existence of 
a Ipng series of caudal vertebrse. Specimens of the £Dsail wood 
found with the remains of D. Murrayt had been submitted fo Pr^ 
^looker, and declared by him tp be coniferous. 

2. "On RhampKorhynchus Bucklandi, a Pterosaurian from the 
Stonesfield Slate." By Thomas H. Huxley, F.R.S,, Sec. G.S.^ Prof, 
of Natural History, Government School of Mines. 

The author based his account of this Pterosaurian upon f^ fine 
4»gment of a lower jaw, discovered by the Earl pf Ducie in the 
Quarries of Sarsden, near Chipping Norton, — on a coracoid boue 
irom the Stonesfield slate, in the collection of the Museum of Prac- 
tical Geology,— on a large fragment of a lower jaw in the A^u- 
seum of the Society, and a very fine specimen of a lower jaw ii^ tb^ 
Museum of the College of Surgeons. The ascriptioii of the cora- 
coid to the same species as that to which the jaws belqi^g was ad- 
mitted to be hypothetical ; but their proportions agree sufficiently 
well to give probability to the supposition. Furthermore, the autnpr 
did not suppose it to be absolutely demonstrable that tt^e jaws ai^d 
coracoid in question, supposing them to be of one species, we^e of 
the same species as those Pterosaurian remains discovered by pr, 
Biickland in the Stonesfield slate many years ago, and (though neyer 
described) named after him Pterodactylus Bucklandi ; but, as a spe- 
cific name unaccompanied by a description is of no authority, and a^ 
there is no evidence of the existence of more than one species of 
Pterosaurian in the Stonesfield slate, it seemed that the adoption of 
the specific name Bucklandi would have the least tendency tp create 
confusion. 

These remains prove that the Stonesfield Pterofiaunan belonged 
to the genus Rkamphorhynchus of Von Meyer, and that it had nearly 
twice the size of the liassic Dimorphodon macronyx. The mandible 
of 22. Bucklandi is remarkable for its stoutness and the depth of its 
rami towards the symphysis, which is short and produced into a 
stout, curved, median, edentulous rostrum. The teeth are similar 
in form, fiattened and sharp-pointed, distinct, and not more than 
seven in number on each side: the last tooth is situated rather 
behind the junction of the middle with the posterior third of the 
jaw. The author took occasion to refer incidentally to some under 
scribed peculiarities in the structure of the coracoid of Dimorphodo^ 
macronyx. 
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3. " On a Fossil Bird and a Fossil Cetacean from New Zealand." 
By Thomas H. Huxley, F.R.S., Sec. G.S.. Prof, of Natural History, 
Government School of Mines. 

These remains were, the right tarso-metatarsal bone of a member 
of the Penguin family, allied to JEudypte^, but indicating a bird of 
much larger size than any living species of that genus, larger indeed 
than even the largest Aptenodytes, and to which the name of Pa/«- 
udyptes antarcticus was given, — and the left humerus of a small ceta- 
cean, more nearly resembling that of the common Porpoise than that 
of any other member of the order (Bakena, Baltenoptera, Monodon] 
Delphinus, Orca, Hyperoodon) with which the author had been able 
to compare it. Nevertheless, as there are very marked differences 
between the fossil humerus and that of Phoaena, Prof. Huxley 
named the species Phocanopsis Mantelli. Mr. W. Mantell, F.G.S., 
to whom the author was indebted for the opportunity of examining 
these bones, stated that the beds whence they were obtained werd 
certainly of Tertiary age, and of much earlier date thap the epoch 
of the. Dittornis, which he considered to have been contemporaneoui^ 
with man. The Palaudyptes was from an older bed than the 
Phoccenopsis. 

Prof. Huxley drew attention to the remarkable fact that a genu$ 
so closely allied to the Penguins which now inhabit New ZeaJand^j^ 
and are entirely confined to the Southern Hemisphere, should have 
existed at so remote an epoch in the same locality. 

4. "0|i the Dermal Armour of Crocodilus Hastiuffsia.'' fiy 
Thpmas H. Huxley, P.R.S., Sec. G.S*., Prof, of Natural History^ 
Government School of Mines. 

The author, after briefly mentioning the very complete armoiir of 
articulated dorsal and ventral scutes which he had recently discovereds 
(apd described before the Linnean Society) in two of the three" 
living genera of AlUgatoridcB, viz. Caiman and Jacare, showed that 
siijfiilar scutes are found associated with the remains of Crocodilus. 
Hastingsiie, a very fine skull and some scutes of which reptile, from 
Hordwell, kindly lent to Prof. Huxley by Mr. S. Laing, F.G.S., 
were exhibited. With respect to the suggestion of Prof. Owen, 
that the Alligator Hantoniensis might possibly be a variety of Croco- 
dilus Hastingsii, the author stated that he had observed in several 
specimens of the recent Crocodilus palustris, which by its straight 
premaxillo- maxillary suture and the general form of its skull most 
nearly approaches C. Hastingsia, a tendency to assume the alligator 
character of a pit, instead of a groove, for the reception of the man- 
dibular canine. Sometimes there is a pit on one side and a groove 
on the other, and sometimes incomplete pits on both sides in this 
Crocodile. Crocodilus Hastingsits still more nearly approaches the 
Alligatoridce in the number of its teeth and in the characters of th^ 
dermal armour now described ; so that the probability of its occa-, 
sionally assuming the Alligatorian dental pits on both sides is ^eatly^ 
increased. 
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April 6, 1859.— Prof. J. Phillips, President, in the Chair, 
llie following communication was read ; — 

*' On the Subdivisions of the Inferior Oolite in the South of 
England, compared with the Equivalent beds of the same formation 
on the Yorkshire Coast." By Thomas Wright, M.D., F.R.S.E. 
(Communicated by T, H. Huxley, Esq., Sec. G.S.) With a Note 
on Dundry Hill, by R. Etheridge, Esq., F.G.S. 

The author first remarked that, since the publication of his me- 
moir " On the so-called Sands of the Inferior Oolite" in the 
Society's Journal (vol. xii. p. 292), some geologists, both in England 
and on the Continent, had taken the Liassic character of these sands 
into consideration, and that Oppel, H6bert, Marcou, and Dewalque 
had agreed with the author on palseontological grounds, whilst in 
England Mr. E. Hull {of the Geological Survey) had also adopted 
his views. On the other hand, in recent memoirs, Mr. Lycett re- 
gards them as forming a distinct stage, and Prof. Buckman still re- 
tains them in the Inferior Oolite. 

Dr. Wright then described the beds at Bluewick, on the Yorkshire 
coast, which he regards as the equivalents of the ** Cephalopoda- 
bed" or " Jurensis-bed :" namely some shales and sandstones un- 
derlying the rock which he considers to be the basement-bed of the 
** Dogger" or Inferior Oolite. 

These are — 1. (uppermost) Shales with Terebratula trilineata, 
Belemnites compressus, B, irregularis, and Trigonia Ramsayi. 2. Sand- 
stone, yellow, with Turritella, Trigonia, Astarte, Ammonites con- 
cavtis. A, variabilis, &c. 3. Yellow Sandstone or Serpula-bed. 
4. Grey Sandstone or Lingula-bed, with Lingula Beanii, Orbicula, 
Belemnites compressus, B, irregularis. Ammonites Moorei, &c. 

The author then observed that the Inferior Oolite in the South 
of England admits of a palseontological subdivision into three zones, 
having the Fuller's Earth with Ostrea acuminata above, and the 
Cephalopoda-bed with Ammonites opalinus beneath : — 1st (upper- 
most), the zone of Ammonites Parkinsoni ; 2nd, zone of Am. Hum- 
phriesianus ; and 3rd, zone of Am. Murchisonce. He then described 
the lowest of these zones, that of Am. MurchisoncB, giving as syn- 
onyms "Dogger" (part), Young and Bird, and Phillips; "the 
Central and lower division of the Inferior Oolite," Murchison ; 
" Fimbria- stage of the Inferior Oolite," Lycett ; " Brauner Jura j3," 
Quenstedt; " Calcaire laedonien" (part), Marcou : "Calcaire a en- 
troques," Cotteau ; " die Schichten des Am. Murchisonse," Oppel. 
The Leckhampton section was then described, as illustrating this 
zone, which was also described in its details as seen at Crickley 
Hill, near Cheltenham, and at Beacon Hill ; also at Frocester Hill 
and Wootton-under-Edge. 

The preceding sections exhibit the lithological character and 
stratigraphical relations of the Pea-grit and Freestones, which, how- 
ever, undergo great and very important modifications when examined 
over even a limited area, — ^the Pea-grit as regards its structure; 
and the Freestone, its thickness. In the Southern Cotteswolds the 
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Pea-grit loses its pisolitic character ; and in the eastern part of the 
hill-district the Freestones thin out and finally disappear; the In- 
ferior Oolite heing represented at Stow-on-the-Wold and at Bur- 
ford by the zone of Ammoniies Parkinsont, with its light-coloured 
ragstones, filled with an abundance of Clypeus Plotii, Klein, and 
forming a " Clypeus- grit" 

The fossils of the Pea-grit and Freestone, and of the Oolite-marl or 
Fimbria-bed, were then enumerated. The Oolite-marl was described 
as having been probably derived from the debris of a Coral-reef : its 
Nerinsean limestone was particularly alluded to. 

The section at the Peak near Robinhood's Bay afforded the author 
the equivalents of the zones of Am, Humphriesianus and Am, Mur- 
chisome, and was described in full. 

The zone of Am, Humphriesianus was next 'treated of. Its syn- 
onyms are "Inferior Oolite of Dundry Hill," Conybeare and 
Phillips ; " Grrey limestone, Bath or Great Oolite '* (Yorkshire), 
Phillips ; ** Eisenrogenstein (part) und Walk-Erde Gruppe," From- 
herz ; " Brauner Jura y und 5,** Quenstedt ; " Calcaire ferrugineux," 
Terquem ; " Blaue Kalke, Korallenschicht, Giganteus-Thone, und 
Ostreen-Kalke " (Quenstedt), Pfizenmayer. The best types of this 
zone, so well characterized by peculiar Gasteropods and Cephalopods 
and its ferruginous oolitic grains, are seen in the section at Dundry 
Hill, at Yeovil and Sherboume in Somerset, and at Burton-Brad- 
stock and Chideock in Dorset. Just as the thinning-out of the 
Murchisonse-zone and the absence of the Humphriesianus-zone near 
Burford and other localities in the N.E* parts of the Northleach di- 
strict brings the Parkinsoni-zone nearly into juxtaposition with the 
clays of the Upper Lias, so the thinning- out of the Murchisonae-zone 
at Dundry Hill brings the zone of Am, Humphriesianus into close re- 
lation with the '* Sands of the Upper Lias," and has caused it to be 
mistaken for the "Cephalopoda- bed" of Frocester and Leckhampton 
Hills. In the Northern Cotteswolds the Humphriesianus-zone is but 
feebly represented. 

The Dundry Hill section was then described in a note by Mr. R. 
Etheridge, F.G.S., as comprising— 1st (lowest). Lower Lias ; 2nd, 
perhaps the " Lias Sands ;" drd, the Shell-bed ; 4th, Ammonite-bed 
(not equivalent to the " Cephalopoda-bed " of the Cotteswolds) ; 
5th to 9th, shelly beds, ragstone, fine-grained oolite, and freestone ; 
some of the latter representing the Parkinsoni-zone. 

Dr. Wright then described the section in Gristhorpe Bay, from 
the Cornbrash to the Millepore-bed ; — equal to the zone of Am, 
Humphriesianus, The fossils of these marine and freshwater beds 
were noted as existing in the cabinets of Leckenby, Bean, and others. 

The zone of Am. Parhinsoni has the following synonyms, accord- 
ing to the author: — " Trigonia-grit and Gry phi te- grit," Murchison 
and Strickland ; " Ragstone and Clypeus-grit," Hull ; " Spinosa- 
stage," Lycett ; *' Brauner Jura e " (pars), Quenstedt ; " Parkin- 
sonthone, Brauner Jura ^ und e " (pars), Pfizenmayer ; " Calcaire k 
Polypiers," Terquem; ** Die Schichten des Ammonites Parkinsoni," 
Oppel. This zone is the most persistent of the three subdivisions 
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of the Inferior Oolite, and is its only representative in the south- 
eastern parts of Gloucestershire. 

The sections of Leckhampton Hill, Ravensgate Hill, Cold Com* 
fort, Birdlip Hill, and Rodborough Hill afford the fossik and 
details illustrative of this zone. 

In this communication Dr. Wright endeavoured to show that the 
Inferior Oolite of the South of England admits of a subdivision into 
three zones of life, and that each zone is characterized by the pre- 
sence of Mollusca, Echinodermata, and Corals special to each. 
2nd. That these three zones are very unequally developed in different 
regions both in England, France, and Germany, the individual beds 
composing the zones being sometimes thin and feebly developed (or 
altogether absent) in some localities, but thick and fully developed 
in others ; the zone of ^m. Murchisona is the one most frequently 
absent; that of Am. Humphriesianus has a wider area; and the zone 
of Am, Parkinsoni is the most persistent, is widely extended, and is 
very often the sole representative member of the Inferior Oolite 
fprmatiou. 3rd. That many Lamellihranchiata and a few Crastero- 
poda are common to the three zones, and that most of the Ammo^ 
nites, Brachiopoda, Echinodermata, and Corals are limited in their 
range to one of the zones ; but that each zone possesses a fauna 
which is sufficiently characteristic of it. 4th. The Parkinsoni-zone 
possesses many species of Mollusca and Echinodermata in common 
with the Cornbrash; and the Murchisonae-zone, in like manner, 
contains many Lamellihranchiata , which appeared for the first time 
in the Jurensis-stage, although all the Cephalopoda of these two 
stages are specifically distinct from each other. 

April 20, 1859.— Major-General Portlock, V.P„ in the Chair. 
The following communications were read r — 

1. "On some Reptilian Remains from South Africa." By Prof. 
Owen, F.R.S., F.G.S. 

Fam. CaoconiLiA. Galesaurus planiceps, the Flat-headed Gale- 
saur (from ya\^, polecat, travpost lizard), a genus and species founded 
on an entire cranium and lower jaw. The skull in length less 
than twice the breadth, much depressed, and flat above. Occipital 
region sloping from above backward, divided by a high and sharp 
ridge from the temporal fossae ; these are wide and rhomboidal ; orbits 
Ismail ; nostril single and terminal. Dentition, i. g^^. ^•iEi» "^'T^T2 5 
all the teeth close- set, except the intervals for the crowns of the 
long canines when the mouth is closed. Canines of the shape and 
proportions of those in Mustela and Viverra, without trace of pre- 
paration of successors in the sockets ; of quite mammalian character. 
Incisors longish and slender, molars subcompressed ; both with simple 
pointed crowns, of equal length, and undivided roots. Original 
transmitted to the British Museum by Governor Sir George Grey, 
K.C.B. From the sandstone rocks, Rhenosterberg. 

Cynochampsa laniaritis, the Dog-toothed Gavial (from Kviav, dog, 
and x«V^*^*' Egyptian name for Crocodiles, applied by Wagner to 
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the Indian Gavial). This genus and species is founded on the 
rostral end of the upper and lower jaws of a Crocodilian Reptile, 
with a single terminal nostril, situated and shaped as in Teleosaurus, 
and indicating similarly long and slender jaws. Only the incisive 
and canine parts of the dentition are preserved ; hut these closely 
correspond with the same parts in Galesaurus, the incisors heing 
equal and close-set, of simple conical form, and the canines suddenly 
contrasted hy their large size. In shape they resemble closely the 
completely formed canines in Carnivorous Mammals. There is no 
trace of successional teeth. Original transmitted to the British 
Museum by Governor Sir George Grey, K.C.B., from Rhenoster- 
berg. South Africa. 

Fam. DicYNODONTiA. Subgenus Ptychognathus, Ow. (wtvxoh, 
ridge, yvaSos, jaw).-^Thi8 subgenus is founded on four more or 
less entire skulls, two retaining the lower jaw, referable to two 
species. 

Ptychognaihus declivis, Ow. — Plane of occiput meeting the upper 
(fronto-parietal) plane at an acute angle, rising from below upward 
and backward, as in t^e feline mammals ; fronto-parietal plane 
bounded by an anterior ridge, extending from one superorbital 
process to the other ; from this ridge the facial part of the skull 
slopes downward in a straight line, slightly diverging from the 
parallel of the occipital plane; superoccipital ridge much pro- 
duced and notched in the middle ; the occipital plane, owing to 
the outward expansion • of the mastoid plates, is the broadest 
part of the skull, which quickly contracts forward to the ridged 
beginnings of the alveoli of the canine tusks; orbits oblong, 
reniform, suggestive of the reptile having the power of turning the 
eyeball, so as to look upward and backward as well as outward. 
Remains of sclerotic plates. Nostrils divided by a broad, flat, upward 
production of premaxillary, situated nearer the orbit than the 
muzzle, smaller than in type Dicynodon ; temporal fossae broader 
than long, and with the outer border longest ; palate virith single 
large oval vacuity, bounded by palato-pterygoid ridges ; occipital 
h3rpapophyses proportionally thicker than in Dicynodon tigriceps ; 
no trace of median suture in parietal, which is perforated by a * fora- 
men parietale ;' frontals divided by a median suture and supporting a 
transverse pair of small tuberosities ; anterior boundary- ridge of 
vertex formed by the nasals and prefrontals, the outer surface of 
both being divided into a horizontal and sloping facet ; lacrymal 
bone extending from fore-part of orbit half an inch upon the face to 
the nostril ; premaxillary long and single, its median facial tract 
flat, with a low median longitudinal ridge ; maxillaries forming the 
lower boundary of the nostrils, and uniting above with the pre- 
frontal, lacrymal, and nasal bones, their outer surface divided by the 
strong ridge suggesting the subgeneric name ; teeth of the upper 
jaw restricted to the two canine tusks, the sockets of which descend 
much below the edentulous alveolar border ; lower jaw edentulous, 
deep, and broad, with the fore-part of the symphysis produced and 
bent up to meet the seemingly truncate end of the piiemaxillary, — a 
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character indicating, with the angular outline of the skull, the sub- 
generic distinction. 

Ptychognathus verticalis. — The skull of this species, repeating the 
subgeneric characteristics of the foregoing, has the facial contour 
descending almost vertically ^m, and at almost a right angle with, 
the fronto-parietal plane. Orbits proportionally larger and more 
fully oval. Ridged sockets of the canine tusks descending more 
vertically from below the orbits. Originals transmitted to the 
British Museum by Governor Sir George Grey, K.C.B., from Rhen- 
osterberg. South Africa. 

Subgenus Oudenodon, Bain (ohdeisy none, ohovs^ tooth). — The 
skull in this subgenus presents the divided nostrils, the structure 
and the rounded contours of that of the true Dicynodons ; also the 
same form, relative size, and position of the orbits and nostrils ; 
but the zygomatic arches are more slender, straight, and long ; and, 
although there be an indication of an alveolar process of the supe- 
rior maxillary, the lower part of which projects slightly beyond the 
rest of the edentulous border of the jaw, it does not contain any 
trace of a tooth, so that both jaws are edentulous, — a character which 
had attracted the attention of their discoverer, Mr. Bain, who, in 
indicating it, proposed the name Oudenodon. 

It is permissible to speculate on the possibility of these toothless 
Dicynodontoids being, after the analogy of the Narwhals, the 
females ; or of their being individuals which had lost their tusks 
without power of replacing them, as the- known structure of the 
true Dicynodons indicates. But there are characters of the zygo- 
matic arches and temporal fossae which differentiate the toothless 
skulls sufficiently to justify their provisional reference to a distinct 
subgenus. 

Hyoid apparatus of Oudenodon, — Beneath one of the skulls, 
and imbedded in the matrix between the mandibular rami, were the 
following elements of the hyoid apparatus : — basi-hyal, cerato-hyals, 
tbyro-hyals (or hypo^branchials), cemto-branchials, and uro-hyal. 

The cerato-hyals are kmg, subcompressed, expanded at both ends ; 
the tbyro-hyals • shorter and mcH'e slender ; the cerato-branchials 
with a Hgmoid flexure ; the uro-hyal symmetrical, broad, flat, semi- 
circular, with a production like a stem from the middle of the straight 
anterior margin. This apparatus fihows the complexity by which 
the hyoid in Lizards and Chelonians differs from the hyoid in Cro- 
codiles, and combines Chek>nia2i with Lacertian characters. Trans- 
mitted by Mr. Bain from SouAh Africa. 

Dicynadon tigriceps, — Pelvis : ilium, ischium, and pubis coalesced 
to form an 'os innominatum,' with the suture at the symphysis 
obliterated. At least five sacral vertebrae ; the first witJi broad, 
thick, triangular, terminally expanded pleurapophyses. The strong, 
straight, trihedral ilium overlies the above sacral rib, and extends 
forward to overlie also the last long and slender rib of the free 
trunk (thoracic) vertebrae. There are no lumbar vertebrae. 

Pubis very thick, strong, with a broad anterior convexity resem- 
bling that of .the Monitor in its internal perforation and external 
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apophysis ; ischium receiving the abutment of the last two pairs of 
sacral vertebrae. 

The form of the anterior aperture of the pelvis is oval, with the 
sides broken by a slight angle at the middle, and the small end 
encroached upon by the slight angular prominence of the symphysis 
pubis. The long diameter is 11 inches (from the fore-end of the 
first sacral vertebra), the transverse diameter is 10 inches. The 
fore-half of this aperture is bounded by the first sacral vertebra 
exclusively, at the middle by its centrum, at the sides by its ribs ; 
the hind-half of the aperture is bounded by the pubic bones. From 
the penultimate sacral vertebra to the symphysis pubis it measures 
5 inches. 

The outlet of the pelvis is of a semielliptic form, 9 inches in 
transverse, and 4 inches in the opposite diameter. Original trans- 
mitted by Mr. Bain from East Brink River, South Africa. 

Cbocodilia (?). Genus Massospondylus, Ow. (Gr. fxaaaiay, 
longer; ajrovdvXos, vertebra). — The author exhibited diagrams, and 
pointed out the characters on which he had founded (in the Cata- 
logue of Fossil Remains of the Museum of the College of Surgeons) 
the genus Massospondylus, exemplified by the M, carinatus. 

Genus Pachyspondylus, Ow. (Gr. iraxvs, thick ; (nrdv^vkos, ver- 
tebra). — The fossils exemplifying this genus form part of the same 
collection, obtained by Messrs. Orpen from sandstones of the Dra- 
kenberg range of hills, South Africa, and presented to the College 
of Surgeons. 

2. '* On the South-easterly Attenuation of the Lower Secondary 
Rocks of England, and the probable depth of the Coal-formation 
under Oxford and Northamptonshire." By Edward Hull, Esq., 
A.B., F.G.S. 

By a series of comparative sections, made by actual admeasure- 
ments by the ofiicers of the Geological Survey, it was shown that all 
the Lower Secondary formations attain their greatest development 
towards the north-west of England, and, on the other hand, they 
become attenuated, and in some cases actually die out, in the oppo- 
site direction. For example, it was shown that the Bunter Sand- 
stone in Cheshire reaches a thickness of 2000 feet, in Staffordshire 
600, and in East Warwickshire is absent ; and a similar law of 
south-easterly attenuation was shown to maintain in the case of the 
Keuper, Lias, Inferior Oolite, and lower zone of the Great Oolite. 

It was shown that the upper zone of the Great Oolite (the White 
and Grey Limestones of Wilts, Oxford, Lincoln, and Yorkshire) 
forms the first exception to the law ; and from the fact of its occur- 
rence in the Bas-Boulonnais below the Chalk, and resting on car- 
boniferous rocks, the author inferred that it extends more or less 
uninterruptedly from England to France and Belgium, and south- 
ward to Mr. God win- Austen's palaeozoic axis. The cause of this 
superior degree of persistency was referred to the organic, as distinct 
from the sedimentary nature of the formation, and its accumulation 
(like the White Chalk) on a deep sea-bed by the agency of Mol- 
luscs, Corals, and Foraminifera. 
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It was shown that the Lower Permian beds are scarcely repre- 
sented in Lancashire and North Cheshire, but that they attain their 
greatest development (1800 feet) along a band of country stretching 
west and east from Salop to Warwickshire, and the author traced 
the margin of the basin in which they were formed, along the west, 
north, and east. The local origin of these Permian beds, as having 
been derived from the Old Red and Silurian lands by which they 
were surrounded, was insisted upon, and especially as agreeing with 
the obs^vations of Murchison, Ramsay, and other authors. 

As contrasted with this local origin of the Lower Permian Rocks 
ef Central England, it was shown that the sedimentary materials of 
which the Triassic Rocks are formed must have been drifted by an 
ancient oceanic current from a continent or large tract of land 
occuppng the position of the North Atlantic, and that the sediment 
was spread over the plains of England as long as it was mecha- 
nically suspended. The increasing distance towards the south-east 
from the source of supply, accounted for the tailing-out of the se- 
diment. During the Bunter Sandstone period, this sediment was 
drifted through the channel formed by the great headlands of West- 
moreland and North Wales ; but, as the whole area was gradually 
sinking (with occasional interruptions) during the periods of the 
Upper Trias and succeeding formations, the Welsh and Cumbrian 
mountains must have been nearly covered by sea at the close of the 
Liassic period. 

The author adduced the following reasons for considering that the 
Bunter Sandstone of England formed dry land during the deposi- 
tion of the MuscheUcalk of Germany : — 

1st. That the Lower Keuper Sandstone rests on an eroded sur^Bice 
of the Bunter; 2nd, that the basement- bed of the Keuper is fre- 
quently a breccia or shingle-beach ; and drd, that there is a local 
unconformity observable in Stafford, Leicester, and Lancashire 
between these formations. 

The author described the distribution of the quartzose conglo- 
merates which form the middle division of the Bunter, and con- 
siders it probable that they are the reconstructed materials of the 
Old Red Conglomerate c^ Scotland. 

The probable extension of coal-measures from the coal-fields of 
England to those of Belgium and France was considered, as also 
the beeuring of the whole subject on Mr. Godwin-Austen's theory 
of the ^extension of coal-measures under the chalk of the Thames 
Valley; and it was inferred that coal-measures might possibly be 
found at not unapproachable depths under parts of Oxford and 
Northamptonshire. It was also shown that, from indications pre- 
sented by the coal-formation at the southern borders of the Stafford- 
shire and Warwickshire coal-field, tliere Was reason to suspect that 
the formation becomes attenuated and less productive of valuable 
coal-beds in its extension towards the south-eastern districts. 
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LXI. Intelligence and Miseellanewis Articles. 

ON' THE rHOSFHORESC£NCE OF GASES BY THE ACTION OF ELEC- 
TRICITY. BY E. BECQUEBEL. 

IN the Memoirs presented by me to the Academy oa the 16th of 
November, 1857, and 24th of May« 1858, relative to the lumi- 
nous effects presented by bodies after having received the influence 
of light, I made use of tubes containing rarefied air, and in which 
were placed phosphorescent substances which became luminous 
after the passage of electrical discharges. Some time afterwards, 
M. RuhmkorfF, who arranged these apparatus in accordance with 
my directions, called my attention to the fact that in certain tubes 
containing only rarefied gases, which had been sent to him by M. 
Geissler, there were to be seen, after the passage of discharges, 
luminous traces persisting only for a few seconds, and analogous to 
those diffused by the phosphorescent substances employed in my 
investigations. 

I have since studied the passage of electrical discharges through 
rarefied gases and vapours, which gives rise, as is well known, to 
effects of colour depending on their nature, with the view of ascer- 
taining what are the gases which present the effect of persistence of 
light, and whether the phaenomenon be analogous to the ph^eno- 
menon of phosphorescence observed with solid bodies. In most 
tubes containing such gases as hydrogen, sulphuretted hydrogen^ 
protoxide of nitrogen and chlorine, we observe faint gleams persist* 
ing after the passage of induction electricity, or even of a simple 
discharge of an electric battery, but the action appears to be limited 
to the internal surface of the glass tube. It is not due to pbo^ho- 
rescence of the glass ; for tubes exposed to the action of a brilliant 
light, and then carried again into the dark, give rise to no action of 
this kind, and the phosphoroscope must be employed to observe the 
effects of persistence upon the glass, the duration of which is shorter 
than that which follows the action of electricity; the effect presented 
by tubes containing these gases would therefore appear to be 
the result of an electrization of the glass« or of th^ adherent gaseous 
stratum. 

With oxygen a different effect is observed ; when the discharges 
of a strongly excited induction apparatus are passed through a tube 
containing this gas in a rarefied state, and the passage of the elec- 
tricity is suddenly stopped, the tube appears to be illuminated 
with a yellow tint, which persists for several seconds after the inter- 
ruption, and decreases more or less rapidly according to conditions 
which I have not yet been able to ascertain. In order that the 
effect may be very manifest, the electricity transmitted into the gas 
must have a certain tension; it is therefore preferable to inter- 
pose a condenser in the circuit, and to excite sparks at a distance 
in the air between one of the conductors of the induction apparatus, 
and one of the platinum-wires penetrating into the tube. A simple 
discharge of an electrical battery of several jars produces the same 
effect. In order to observe the persistent luminous action, the oper- 
ations must be carried on in the dark ; care must also be taken to 
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keep liie eyes shut whilst the discharges are going on, and only to 
open them immediately afterwards, so that the retina may not he 
impressed at the moment of the passage of the electricity. The part 
of the tuhe in which the discharge talces place must he at least 15 
to 20 centims. in length. 

The peculiar action which illuminates the tube takes place between 
the actual molecules of the oxygen gas, and does not pass along the 
walls of the tube ; for by making use of spheres of a capacity of 
200 to 300 centims., the entire mass of the gas becomes opaline. 
By prolonging the tubes beyond the platinum -wu'es, it also appears 
that the rarefied oxygen beyond the part which directly receives the 
discharge, gives rise to an emission of light. On the other hand, 
this opdescence of the gas indicates that the effect does not result 
from electrical discharges due to the electrization of the glass, and 
which would traverse the space illuminated after the cessatiqn of 
the inductive discharge, as it may be produced by friction of the 
outside of the tube. 

When a tube is to give rise to an effect of persistent luminosity, 
there is produced, at the moment of the passage of the electricity, 
a yellow tint, which illuminates the mass of gas in the tube, and that 
independently of the different tints of the electric rays due to the 
intermixed gases; when this yellow tint disappears, the effect of per* 
sistence entirely ceases to be appreciable. It is even possible that 
gases mixed with oxygen may augment the duration of the per- 
sistence ; for tubes, prepared apparently in similar conditions, fur- 
nished variable results as to intensity and duration. 

If we operate with a small tube containing rarefied oxygen, after 
the electricity has passed for some time, the effect of persistence 
ceases to be appreciable ; this result appears to show that the pecu- 
liar property in question disappears in the gas at the end of some 
time. Is it connected with the formation of ozone, which, in a 
determinate volume, cannot exceed a certain limit } This I have 
been unable to ascertain. 

Sulphurous-acid gas sometimes presents an action analogous to 
that of oxygen ; but the effect not being always exhibited, I have 
thought that it might depend on a partial decomposition of the gas 
and on a mixture of oxygen ; the same is the case with rarefied air 
in the presence of phosphorus. However, I am at present follow- 
ing out these researches, and hope to ascertain, by means of an 
arrangement analogous to that which I have employed in the phos- 
phoroscope, whether other gases and vapours besides oxygen would 
not give rise to effects of luminous persistence of shorter duration 
than that observed with the latter. 

The phenomenon presented by oxygen, and perhaps in different 
degrees by other gases, probably depends on a peculiar action pro- 
duced by electricity ; for solar light, and even electric light itself does 
not give rise to any phosphorescence of this kind. Is it the result 
of vibrations impressed upon the molecules of the gases, or of a 
peculiar state of electrical molecular tension persisting for a few 
moments, or of some other physical or chemical cause? — Comptes 
Rendus, Fedruary 21, 1859, p. 404. 
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LXII. On the Periods and Colours of Luminous Meteors. 
By J. H. Gladstone, Ph.D., RR.S.* 

RECENTLY, on looking over the records of luminous me* 
teors, several thoughts occurred to me which I believe are 
new ; and some of them may be not unworthy of being brought 
under the notice of those interested in the subject. 

Periodicity. — It is well known that showers of falling stars 
and meteors occur at certain annual periods, and that the two 
most remarkable of these are about August 10 and November 13. 
They have been observed on these two dates, not only in our 
own country, but on the continent of Europe, in America, and 
in India; and Humboldt has brought evidence to show that 
August 10 has had a reputation for meteoric displays for sevend 
centuries. It is not, however, every year that they are seen on 
the dates in question, even though the sky be clear ; and they 
are sometimes reported as occurring a day or two earlier or later. 
This slight irregularity as to time may be one cause of their not 
being observed during some years, for it is only when the star- 
showers occur at night that they can be seen. A comparison of 
more ancient observations throws additional light on the nature 
of this periodicity. M. Chaslesf has drawn up a catalogue of 
forty-six remarkaole meteoric showers — or what are believed to 
have been such — between a.d. 538 and a.d. 1123 ; and here also 
we find recurrent periods, but different from those at present 
observed. Not one instance is noted of a shower occurring any- 
where about the middle of either August or November. From 
the end of the sixth to the middle of the tenth century, but 

* Communicated by the Author, 
t Comptes Rendus, March 15, 1841. 

Phil. Mag. S. 4^. Vol. 17. No. 116. June 1859. 2 D 
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never since^ showers occurrcdf'in February. .• Tbilisi commences 
with a shower on April 4, a.d. 538 ; bat no similar^ date occurs 
for five centuries, till the four consecutive years 1093, 1094, 
1095, and 1096, and again 1123. 

The Chinese catalogues teach a similar lesson, and are pecu- 
liaiiy instructive whe6 cofnpared with that of M. Ghasles. The 
records of meteors kept by that remarkable people extend, with 
some intermissio^^ from b.c..q67 to a.d. 1623, and have been 
given to the European world' Ky M. Biot*. The French philo- 
sopher has drawn out a li^^ fifty remarkable showers ; and, as 
in the list of M. Chasles,^no date about August 10 or Novem- 
ber 13 ever«^ccurs in it. The 13th of November, however, is 
faintly indicated towards the latter part of the Chinese catalogues, 
but rather by the occurrence of single meteors than of showers. 
The 25th of that month and the end of August are both more 
frequently mentioned. The period of most common occurrence, 
and which ranges from a.d. 830 to 933, is about July 22 ;- and 
during the Soung dynasty, from a.d. 960 to 1275, when the 
records were most carefully kept, meteors appear to have 
abounded two or three days later. And again, July 27 was 
marked by star-showers in Europe in a.d. 1784 and 1785. The 
period of March 23-29 occurs at intervals from B.C. 687 to a.d. 
1062, both in the Chinese and European records; the Chinese 
also frequently notice showers of stars about October 14; and one 
of the showers of this date that occurred a.d. 934 is the only one 
that is mentioned in both lists, the only phsenomenon of the 
kind that appears to have attracted attention at the same time in 
both hemispheres. There are indications of a periodical shower 
about ten days or a fortnight later in the year in the Chinese 
records of the sixteenth and seventeenth centuries; and Dr. 
Lardnerf narrates similar appearances about the same time in 
the years 1202 and 1366. 

These facts give little support to the ingenious hypothesis of 
M. Chasles, that there may be a secular progression of these 
periods, and that the showers of February, March, and April 
in the middle ages may be the same as now recur in August. 
It rather appears that the periods remain stationary sometimes 
for centuries, but that the transit of these streams of meteors 
through our atmosphere is liable to interruptions and changes 
from causes which we may speculiitb upon, but cannot as yet 
determine. 

- Colour. — Luminous meteors generally exhibit distinct colours; 
and these are recorded in the lists of observations. M. Poey of 

* Cutalogues Gh^rales des Etoiles Filantes et des autres m^t^ores ob- 
serves en Chine, M^moires des Savants Strangers, vol x. pp. 129, 415. 
t Museum of Science and Art, vol. i. p. 141. 
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flavanna* has taken the trouble to go through the Chinese lists 
already referred to, the'catalogue present^ annually to the Bri- 
tish Association by the Rev. Baden Powell, and the observations 
of M. Coulvier Gratierf at Paris, and from each of these sources 
to draw up tables showing the number of meteors in each month 
arranged according to their colours. The following Tabte is 
constructed from the totals of M. Poey^s Tables, with some addi- 
tional observations that he enumerates, but does not include in 
his lists ; and with this difference also, that, for the sake of com- 
parison, I have reduced the multitudinous shades mentioned in 
the observations to white, the six principal divisions of the solar 
spectrum, and red, yellow, green, and blue combined with white : 
thus, those given in the Chinese Tables as yellowish red, and 
those called reddish yellow, are classed together as orange ; and 
again, bluish, whitish blue, and bluish white, are all counted as 
white-blue. The first three columns give the actual number of 
meteors observed, the last three the proportion per cent, of each 
colour. «s^ 



Colours. 


Chmese. 


EngUah. 


French. 


Chinese. 


English. 


F^^nch. 


Red 


51 

5 

567 

6 

5 





8 

Z2^ 

10 

20 


129 

52 

112 

151 

19 

6 

6 . 

326 

57 

5 

196 


4 
6 
4 
7 
1 

1 

41 

3. 


51 

0-5 
568 

0-6 

0-5 





0-8 
327 

1 

2 


12-2 
4-9 

10-5 

142 
1*8 
0-6 
0-6 

30-8 
5-4 
0-5 

18-5 


6 

9 

6 
10-5 

1-6 



1-5 


61 



4-5 


White-red 

Orange ••.. 


Yellow 


White-yellow... 
Green 


White-green ... 
Blue 


White-hlue 

Purple 


White 






998 


1059 


67 


100 


100 


100 



These three lists appear at first sight very different ; and on 
the difference in colour exhibited in his Tables of the Chinese and 
of the English meteors M. Poey lays great stress. Yet this may 
be a difference rather in the expression than in the reality. 
There must always be some doubt whether the inhabitants of 
the celestial empire, one or two thousand years ago, meant by 
certain terms precisely the same colours as the French translator 
understood to be intended ; and it is by no means unlikely that 
they grouped together as orange (or rather yellowish red, or 
reddish yellow) meteors which our countrymen, or our French 
neighbours, would class as red, reddish, or yellow J. This is ren- 

* Comptes Rendus, December 16 and 29, 1866; and January 12, 1867. 
t Ann, de Chim, et de Phys, vol. xl. 

J Since writing the above,. I have been informed by Mr. Wm. Lockhart, 

2D2 
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dered the more probable wben it is borne in mind that among 
terrestrial phsenomena a red colour without any shade of yellow 
is rarely seen, and a yellow absolutely free from orange rays 
scarcely ever. A still clearer case of difference of expression 
occurs in respect to blue ; there can be no reasonable doubt that 
we have generally called by that name meteors which, had they 
appeared in China or at Paris, would have been designated bluish 
or whitish blue. A possible reason for this will presently be given. 
Another point of apparent dissimilarity in the three lists, is in 
the much greater proportion of white meteors observed in Eng- 
land ; but this also is susceptible of explanation. The fact is, 
that in the columns of the Rev. Baden Powell, "white" or 
'^ colourless" is always mentioned, while in the Chinese and 
French lists nothing is said about the colour of a meteor unless 
it has displayed some peculiar tint. Again, most of the obser- 
vations which swell the number of white-blue meteors in the 
French list are described by M. Coulvier Gravier as "white 
becoming bluish near the horizon/^ and such would probably 
be designated merely " white " by the English observers. Were 
these excluded, the vast proportion of white-blue meteors in the 
French catalogue would be reduced to a per-centage not very 
dissimilar from that of the Chinese observations. 

If, instead of the apparent differences, we remark the points 
of similarity in the three lists, we are at once struck with — 

The small number of green meteors. — There is not a single 
Chinese observation of this colour. In the French and English 
observations, green occurs most frequently as a secondary colour 
which a large meteor exhibits in its course through the lower 
regions of the atmosphere. In Dr. Buist's records of Indian 
meteors*, green occurs more frequently in proportion : indeed 
he says, in writing to Prof. Powell, " The light of the larger 
meteors is generally orange, bluish, or greenish, hardly ever 
whitef." 

The small number of purple or violet meteors. — When this 
colour is remarked, it is also generally in meteors that change 
during their passage. 

TTie absence of brown, except in one English observation which 
I have not included in the Table. 

7%6 fact that the large majority of luminous meteors exhibit a 
distinctive colour. — This remark applies apparently to the small 
shooting-stars as well as to the larger fire-balls. 

for many years medical missionary at Shanghae, that the Chinese express 
orange by Hwang-tau, t. e. yellow-red. They have a specific word for 
green, and in general distinguish colours accurately. 

* " Notices of the most remarkable meteors in bidia, of the fall of which 
accounts have been pubhshed/' Bombay Geographical Transactions, 1850. 

t British Association Report, 1849, p. 34. 



Digitized 



by Google 



of Luminous Meteors, * 389 

These may be nearly all divided into two great classes : — 
1st. Blue. 

2nd. Orange, inclining more or less either to red or yellow* — 
Under this head must be classed the red and yellow of the 
European observations^ though even then the proportional 
amount will not equal that of the Chinese. 

A large proportion of these meteors doubtless emit all the 
other rays of the spectrum at the same time^ and in many cases 
they are emitted so equally that no preponderating tint is 
observed. 

Change of colour of meteor. — ^Another fact of interest con- 
nected with the present subject is^ the alteration that is fre- 
quently remarked in the colour of a meteor during its passage. 
This may be as follows : — 

From white to reddish. 
From white to bluish. 
According to M. Coulvier Gravier, these two changes very 
frequently occur in meteors passing from the zenith towards the 
horizon. M. Poey endeavours to apply to the explanation of 
this fact the theory by which M. Doppler has sought to account 
for the changing colours of certain stars^ especially among the 
binary systems. M. Doppler shows, on theoretical grounds, 
that " a luminous body moving towards the observer will change 
its colour from white m succession to the violet end of the spec- 
trum, moving from the observer to the red/^ But he requires 
that the alteration of position of the luminous body and the ob- 
server should bear some near comparison in speed with the velo- 
city of light — nearly 200,000 miles per second, whereas meteors 
fly at only about twenty miles per second on the average ! A 
reason that appears more possible will be presently assigned. 
From white to orange-yellow and blue-green. 
From white to reddish and bluish, with reddish train. 
From yellowish white to orange-yellow and to greenish 
white, being broken into several fragments, two of which 
passed from white to the colour of red-hot iron. 
From orangcr yellow to green. 

From yellow and red to greenish yellow (fragments). 
These also are given on the authority of M. Coulvier Gravier. 

From white to red. A Chinese instance. 
From blue to red. 

From blue to green, and finally red. 
From green to crimson. 
From green to orange and red. 
These are recorded in the British Association Catalogues, 
having been observed by Mr. Hind, Mr. Lowe, and others. 
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Colours of train. — Many meteors in their flight leave a train 
behind them^ which seems generally to h^e a faint luminosity^ the 
colour of which observers have not usually noted. M. Coulvier 
Gravier finds the trains usually of the same colour as the meteor 
itself^ but he mentions several cases of red trains left by meteors 
that became bluish as they approached the horizon. The con- 
verse of this has been observed both in Chioa and England^ 
namely a red star leaving a bluish vapour. Greenish trains are 
also not uncommon in the Paris catalogue. Red sparks pro- 
ceeding from green meteors are recorded as seen both in England 
and in India, and the Chinese speak on one occasion of a score 
of little red stars jumping from a globe of fire. Where a meteor 
breaks up into smaller pieces, these not unfrequently present a 
different colour to the primary : thus an orange-red ball observed 
by Mr. Lowe, July 4, 1851, gave out many small separate balls 
which were bright blue, becoming purple ; and the little balls 
shot from the meteor of November 13, 1803, are described as 
tinged with orange, yellow, and purple*. Yellow fragments 
have also been observed from a blue meteor ; and the splendid 
vari-coloured fire-ball which flew across the north of England on 
April 27, 1851, left a train of yellow light. 

The colour of the train sometimes changes ; thus M. Coulvier 
Gravier relates instances of trains that became greenish after 
having been bluish or reddish, or both reddish and bluish, and 
another instance of a clear yellow train becoming deep red. 

It not unfrequently happens that a meteor is followed a few 
seconds afterwards by a smaller one pursuing the same path. I 
and others have observed these to be of the same colour, but 
they do not appear to be invariably so. 

Radiance different from apparent colour. — In descriptions of 
fire-balls, it not unfrequently happens that the narrator describes 
the luminous body as of one colour, while it casts a light of a 
different colour on surrounding objects. Instances might be 
quoted from the Chinese records, the most remarkable perhaps 
being that '^ a blue star spread a reddish glare which lighted the 
earth.'' Thus, too, in our own country a lady describes a bril- 
liant meteor that, passing over Hampstead, " broke into an t«- 
tensely radiant cloud,'' which threw on the walls of the houses 
a light brighter than that of the moon, but of a blue tint, though 
" there was no blue light in the cloud itself." The explanation 
of this apparent paradox will be given below. 

Sources of error. — In discussing these reputed facts, certain 
illusions to which observers are subject must be taken into ac- 
count. Thus there is at the very outset the difficulty that dif- 
ferent observers often call the same colour by different names. This 
* Phil. Mag. First Series, vol. xvii. p. 2/9. 
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has been already adverted to ; and indeed it is a matter of daily 
observation, that two parties^ both perfect in their perception of 
colour, will diflFer in their mode of explaining the tint even of 
stationary objects ; how much more may we expect them to diflFer 
when a coloured light is suddenly presented up in the sky, and 
as suddenly disappears ! Cases in point are not wanting. A 
meteor which Mr. Lowe designated as yellow, appeared ^* of a 
beautiful clear blue colour^' to Mr. T. W. Webb*. But a more 
curious instance occurred last autumn. The meteor of Septem- 
ber 12, 1858, was described in the Times newspaper by several 
eye-witnesses, of whom F. A. B. states it to have been ^^ green 
at first ;^' N. R. "green surrounded by white ;^^ W. Rowlett, 
" white ;'' and T. W. "vivid whitish blue j'^ while B. H. declares 
it was " primrose.^^ Such opposite statements would overthrow 
entirely our confidence in the recorded observations, were it not 
that the greatness of the discrepancy leads us to the belief that 
the meteor in question must have been one that changed in 
colour, and thus actually presented a diflTerent appearance in this 
respect to observers in different places. 

It is also quite possible that a meteor may emit rays which in 
the aggregate wovld produce one colour y and yet may affect the 
observer tvith a sensation of a different colour. This may arise 
from absorption, intensity, or contrast. 

Absorption. — ^Thin mists and long reaches of air have a ten- 
dency to absorb or diverse the more refrangible rays emitted 
from a luminous body, while they suffer the less refrangible to 
pass. Thus everyone has noticed how red the sun, and how 
orange the moon appear under certain circumstances, especially 
when near the horizon. This effect must frequently be produced 
on the light of meteors during their passage through our atmo- 
sphere. 

A row of street lamps in misty weather exhibits the same 
phsenomenon on a smaller scale; and it may be observed even 
in clear weather by looking, not at the jets of fllame themselves, 
but at the streamers which appear to issue from them when we 
nearly close our eyelids. The streamers from the nearer gas- 
lamps appear yellowish white, from those further removed green- 
ish or orange, and from the most distant almost red. A candle 
seen through a mixture of a little milk with a large quantity of 
water, also exhibits in a striking manner the non-transmission of 
the more refrangible rays. 

This suggests a simple explanation of the fact, that those 
meteors which appear to change colour during their passage 
through the misty skies of England almost invariably terminate 
in red. It may not, however, be the sole reason. 
* British Association Report, 1852, p. 189. 
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Intensity, — Helmholtz has shown that light of almost any 
degree of refrangibility^ if very intense, gives a sensation of 
whiteness ; and perhaps of all rays^ the blue exhibits this in the 
most striking manner. 

This will account most satisfactorily for two separate facts 
already adverted to. The one is the apparent paradox of a white 
meteor shedding a blue radiance. The intensely brilliant cloud 
over Hampstead was doubtless emitting blue rays in the great- 
est proportion^ but on account of its brightness the blue tinge 
could not be observed except as reflected from distant objects. 
The other is the phsenomenon so frequently observed by M . 
Coulvier Gravier, of a white meteor becoming bluish or reddish 
as it approached the horizon. Indeed it might have been pre- 
dicted that many a slightly-coloured meteor would appear white 
when in the zenith^ and thus nearest to the spectator ; and that 
as it passed to a distance^ its luminosity being diminished, its 
proper colour would become evident. This may also be one 
reason why so many meteors are called blue by English obser- 
vers, while under the clearer skies of the Continent and China 
they are designated white-blue. 

All who have been in the habit of observing the solar spec- 
trum, must have remarked how the apparent colour of the space 
between the fixed lines D and E varies with the intensity of the 
light ; what appears green when diffused light is examined, is 
yellow when the rays come direct from the sun itself. Proofs 
might easily be multiplied of the tendency of yellow light, when 
rendered dull, to give the impression of green. 

This suggests a simple physical cause for what is frequently 
noticed in the Paris observations, — a yellowish meteor becoming 
more or less green as it passes away from the spectator. 

Contrast. — The apparent colour of an object is always affected 
to a greater or less degree by the colours of surrounding objects. 
This source of error must also come into play with meteors ; and 
perhaps one of the results will be, that the sparks or fragments 
thrown off from the luminous globe may appear more distinct in 
colour than they really are. 

Period and Colouk. — If the cosmical theory of the origin 
of meteors be the correct one, there would be no improbability 
in supposing that the stream of little bodies revolving round the 
sun, and crossing our orbit at one period of the year, should 
differ in composition from those that cut our path at another 
period. If different in composition, they would probably exhibit 
different colours in combustion. It became an interesting point, 
therefore, to examine whether the catalogues show any indication 
of this. 

On examining the Chinese records, we find that the predomi- 
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nating colour of a great shower of falling stars is very rarely 
given ; and on consulting M. Poey's monthly tables^ little can 
be observed beyond the fact that the blue meteors are more nu« 
merous in comparison with the orange during the months of 
August, September, October, and November, than during the 
rest of the year. M. Poey also makes the singular observation, 
that the Chinese meteors *' show a remarkable constancy of tints 
during a long period of years ; when an equally constant but 
different scale of colour prevails, and this for several successive 
periods.^' 

On turning to the monthly tables of the English observations, 
we at once remark a great difference in the relative proportions 
of the different colours. Thus, to confine our attention simply 
to the months of August and November, when the great showers 
usually occur, we find a difference that cannot be attributed to 
mere accident. In the following Table, the first two columns 
give the actual number of observations in each month according 
to the colour ; the second two, the same numbers reckoned to a 
hundred parts ; and the fifth column, the average proportion of 
the colours for the whole year as given in the Table on a prece- 
ding page. There happens to be no observation of green or 
purple during either of these months ; and for the sake of con- 
densation I have added together the red and white-red, yellow 
and white-yellow, blue and white-blue. 





Augurt. 


November. 


August. November. 


Whole year. 


Red 


49 

8 

44 

164 

49 


24 
23 

16 
30 

18 


I 15-6 
1 2-6 
1 140 
522 
< 15-6 


21-6 
20-8 
14*4 
270 
16-2 


171 
10-5 
160 
362 
18-5 


Orange 

Yellow 

Blue 


White 






314 


111 


; lOO-O 


1000 


98-3 . 



Here we see at once that about an average amount of yellow 
and of white meteors (or a little less) fall in each of these months ; 
but August is marked by a great deficiency of orange, and a 
great excess of blue meteors, while, on the contrary, November 
exhibits comparatively few blue, and a very large proportion of 
orange meteors, with a slight increase also of the red. On 
looking at the grand displays about August 10 in the lists 
of the Rev. Baden Powell, we note the large proportion of 
blue meteors which stream across the heavens at that period, 
a phsenomenon I myself had the fortune to witness last year. 
The November showers are not so distinctly marked in Prof. 
PowelFs catalogue ; but there is enough to indicate how meteors 
emitting the less refrangible rays abound at that season. 
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If all these luminous meteors are produced^ as some of them 
certainly have been^ by the combustion of those solid masses of 
metal and stone which occasionally strike upon the earthy we 
might possibly learn the composition of a particular meteor by 
the colour it displays. But this is a very complicated problem. 
We know of what substances meteorites usually consist ; but 
each one contains several elements which may all glow together^ 
and may bum either together or separately. Iron is a consti- 
tuent seldom wanting ; and this metal, when heated^ exhibits 
first what is called ^^duU redness/^ but which consists princi- 
pally of orange and even green rays ; as the heat increases, it 
becomes "bright red,^' and then emits true red rays in large 
quantity : when it catches fire in the air it scintillates, giving 
forth blue rays in addition to those already mentioned, and ap- 
pearing of a reddish-white colour. It can scarcely be doubted 
that many of the red and white-red meteors, especially those that 
throw off red sparks, consist of this metal. If iron, whether 
meteoric or otherwise, be ignited in the broken galvanic circuit, 
the electric light is superadded to that of the burning metal, 
producing an intensely luminous fiame which appears white, 
but casts a bluish radiance on surrounding objects. Nickel 
when ignited displays a somewhat larger amount of green rays. 
Meteoric iron always contains more or less sulphur and phos- 
phorus : the last of these elements in burning emits all the rays 
of the solar spectrum : the blue colour of burning sulphur is 
well known ; yet it differs greatly according to the intensity of 
the combustion. If iron pyrites be set on fire in air, the flames 
of both elements become distinctly visible, and the sulphur will 
continue to bum after the iron has ceased to do so. The cobalt, 
zinc, lead, and other metals occasionally found in meteorites 
will of course bum with their distinct flames ; and the silicate of 
magnesia or other minerals are capable of becoming brilliantly 
incandescent. 



LXIII. On the Law of Electrolytic Conduction. By M, BuFy. 
In a Letter to Mr. Faraday*. 

My dear Sir, 

A FEW years ago jrou raised some doubts as to the generality 
of the law, that in compound fluids there is no conduction 
without decomposition. These doubts referred to our imperfect 
acquaintance with the deportment of the more complicated com- 
pounds, and to the property possessed by several electrolytes to 
conduct electricity when in the solid condition. 

* Commuiiicated by Professor Faraday. 



Digitized 



byGoogk 



M. Buff on the Law of Electrolytic Conduction. 395 

Last winter I was able^ through friendly assibtance^ to ex- 
amine the electric deportment of a number of compound bodies. 
In your ^ Experimental Researches ' you had stated that higher 
compounds^ such as sulphuric acid^ when they enter into further 
combinations^ do not suffer a primary decomposition by the 
electric current. I have satisfied myself in the first place that 
the few exceptions to this rule which it was believed had been 
discovered^ do not exist. My mode of operation consisted in 
decomposing the fluid, in a V-shaped tube, under circumstances 
which permitted me to recognize the direction in which the ions 
move towards the electrodes. In this way it was found that 
chloric, iodic, chromic, and manganesic acids and salts are decom- 
posed exactly in the manner which Daniell proved regarding 
nitric and sulphuric acid. 

Of pure specimens of the higher degrees of combination we 
have unfortunately but a limited choice. Many of them are too 
refractory, or suffer decomposition at high temperatures ; others, 
which are easily obtained in a liquid state, are not conductors. 
Nevertheless some sufficiently fused Cu* CI was found to con- 
duct well, and according to the results of several analyses, split 
itself into Cu* and CI. In like manner, basic protonitrate of 
mercury contains for 2Hg one O. The alcoholic solution of sub- 
limate, when free of hydrochloric acid, conducts very badly, but 
is decomposed into Hg* CI and CI; in which case, however, I 
will not venture to decide whether or not the Hg^ CI be formed 
by secondary combination, or by the action of Hg upon the sur- 
rounding HgCl. In all these cases, whether a simple or com- 
pound atom was liberated, the amount of decomposition agreed 
very well with the indications of the voltameter. As voltametric 
medium, I soon chose the precipitate of silver from nitrate of 
silver. The latter serves best when only feeble currents are to 
be obtained. 

Anhydrous chloride of aluminium, easily fusible, and a good 
conductor, was decomposed into chlorine and pure aluminium. 
Molybdenic acid and vanadic acid were decomposed, so that for 
one atom of MO* or VO* we had one of O. Not a trace of metal 
was obtained at the same time. 

Acid chromate of potash is known to contain the second atom 
of acid free from water. Fused, it conducts very well. In this case, 
according to several analyses conducted with care, the current 
divides itself between the free acid and the salt. The first was 
decomposed into Cr* 0^ and 0^, and the last into K and CrO*. 
The sum of both decompositions agrees in the most exact manner 
with the electrolytic law, when we assume that in the decomposi- 
tions and compositions proceeding in different directions, an atom 
of Cr* 0® carries the same quantity of electricity as three atoms 
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of K. When Cr'O* was still further electrolysed, as is the case 
with Al* CI*, then in this new decomposition Cr*, or two atoms of 
chromium, would have the same signification as three atoms of K. 
Unfortunately I could not examine oxide of chromium in a fused 
condition. I believe, however, that the deportment of chloride of 
aluminium is sufficiently convincing. The electrolysis of higher 
degrees of combination is as equally reconcileable with the fun- 
damental law of electrolysis as in the case of chemical combina- 
tion the multiple proportions are with the law of equivalent . 

Several of the bodies examined, as protochloride of copper, 
chromate of potash, or chloride of lead, I found to be sufficiently 
good conductors at ordinary temperatures, to be able to measure 
this capacity by a precipitate of silver, which undoubtedly was 
very small. By heating without fusion, the conductivity quickly 
augmented, and certainly without any real decomposition taking 
place. When a platinum wire surrounded by several layers of 
solid and fused chloride of lead was dipped into a liquid chloride 
of lead, which was not much or not at all heated above the point 
of fusion, a new layer of the chloride naturally deposited itself 
round the wire. If, however, by the immersion of the wire, 
as the pole of a battery, a strong electric circuit was at the 
same time closed, the temperature of the substance was so raised 
by the current passing through it, that it was fused off in a few 
seconds. If the chloride of lead could retain such a conductive 
power in the liquid state also, in its electrolysis a great precipi- 
tate must show itself. This, however, did not occur. Small 
differences, which certainly occur, and which were also observed 
in your electrolyses, stand in no relation whatever, and may be 
referred to other causes, — for example, to the no small conduc- 
tivity of the hot sides of the glass vessel. With chromate of pot- 
ash and protochloride of copper, I found the same as with .chlo- 
ride of lead. The copper salt in its solid state showed itself so 
sensitive to changes of temperature, that even by the heat of the 
hand the conductivity was considerably increased. Still the 
electrolysis gave a satisfactory result. From these experiments 
we may certainly conclude as to the deportment of other electro- 
lytes ; and it is perhaps not too bold to assume that even oxide 
of iron and sulphide of lead, if they could be obtained in a state 
of fusion and subjected to a current, would conduct only so far 
as they are decomposed. 

I remain, dear Sir, 

With high esteem. 

Your obedient Servant, 

H. Buff. 
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LXIV. On the Thickness of the Earth's Crust. By the Rev. 
Samuel Haughton, F.R.S,, Professor of Geology in the Uni- 
versity of Dublin. 

To the Editors of the Philosophical Magazine and Journal. 

Qentlemen, 

IN your May Number^ the Archdeacon of Calcutta has pub* 
lished an interesting Paper " On the Thickness of the Crust 
of the Earth/^ on which I would wish to offer a few observations. 

In noticing my own investigations on this subject, he has 
accused me of a fallacy in reasoning, and adds that consequently 
" my conclusions do not prove anything whatever regarding the 
proportion of the solid to the fluid parts.'^ 

My object, in the paper commented on, was to show that no 
investigations on this subject were of any value, inasmuch as 
they all rested on arbitrary hypotheses, among which I include 

the law of density [ — ^ J, and all guesses as to the ratio of 

the specific weights of the solid crust and liquid nucleus, and 
friction between them. At the close of my paper, I have given 
an example of the mode of calculation to be employed, if we had 
the requisite knowledge of the specific gravities and law of den- 
sity of the crust and nucleus. As my object was merely to give 
an example, I have chosen a sufficiently absurd hypothesis : viz. 
specific gravity of outer shell 2*75, and of whole earth 5*50, and 
the whole composed of two homogeneous parts ; required to find 
the thickness of the shell. The answer to this problem comes 
out to be 768 miles, which Archdeacon Pratt, by some strange 
misconception of my meaning, takes to be my deliberate con- 
clusion as to the thickness of the crust of the earth. 

The fallacy in reasoning of which I am accused, is deliberate, 
and consists in assuming the same law of ellipticity and density 
to hold both for the crust and nucleus. 

I do not know whether it does or not ; but no one else knows 
anything positive about it, and I am therefore entitled to deny 
the validity of any determination of thickness of the earth^s crust, 
based upon any arbitrary assumption of a law of density, of which 
T know nothing. It has always appeared to me that the specu- 
lations of mathematicians respecting the interior of the globe 
were as unfounded and unreal as their speculations respecting 
the supposed luminiferous medium. We are equally ignorant 
in both cases ; and our calculations must be only regarded as so 
much useless and learned labour in vain. 

I believed, when I wrote my paper on the original and 
actual fluidity of the earth and planets, and still believe, that 
the thickness of the crust of the earth, for anything we know 
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to the contrary^ migbt have any value firom 10 miles to 4000 
miles ; and I regret extremely that I should have expressed my- 
self so carelessly^ as to leave the impression on the mind of 
so good a mathematician as Archdeacon Pratt, that I had seriously 
attempted to calculate the thickness of the earth's crust, if it 
has a crust at all : I would rather that he should class me with 
those mathematicians who periodically square the circle and dis- 
cover perpetual motion. 

To show how little is known of the simplest elements of this 
problem, which Archdeacon Pratt thinks Mr. Hopkins has solved, 
I may quote the following passage, with which he introduces his 
own theorem respecting the crust, derived from the consideration 
of the Himalaya Mountains : — 

'^ It has been suggested that the crust may project downwards 
into the lava so as to be supported by buoyancy. But this will 
not produce the desired effect ; for the crust being formed from 
the liquid, will have pretty nearly the same density as the parts 
of the lava from which it was formed ; if anything^ it will be 
somewhat more dense" 

I have never before met a student of nature who held this 
opinion — which is highly improbable when we consider that all 
metals float in their respective liquids at the melting-point, and 
that lava will float on liquid lava. 

How can the Archdeacon suppose there is any value in Mr. 
Hopkins^s determination of the thickness of the earth^s trwst — 
based as it is on the impossible absence of friction, and on 
Laplace's arbitrary law of density — when we find him at the 
same time basing a theory of his own on a physical assumption 
contrary to all our experience ? 

In my humble judgment, if there be a liquid molten mass 
beneath our feet, the Himalaya Mountains float on its surface, 
as an iron bar would float on a bath of mercury, an iceberg on 
the surface of the sea, or a penny bun in a basin of milk. 
I am, yours faithfully. 

Trinity College, Dublin, Samuel Haughton. 

May 16, 1859. 



LXV. Description of an Apparatus for examining the Electrical 
relations of unequally heated Mercury and Fluid Alloys incon^ 
ducting Liquids. By G. Gore, Esq.* 
[With a Plate.] 

IN a former Number of the Philosophical Magazine (January 
1857), I described an apparatus for examining the electricfu 
relations of unequally-heated metals in liquids ; but that appa- 
* GommunicRted by the Author. 
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ratiis was limited in its use to such metals and alloys as are 
solid at ordinary temperatures ; the present one is designed for 
similarly examining such metals and alloys as are fluid at 60^ F. 

Similar letters in the three figures indicate similar parts of 
the apparatus. 

Plate II. fig. I. A is a square wooden base^ 10 inches long 
and 5 inches wide ; B and B' are two vertical (mandril drawn) 
tubes of brass, 12 and 10 inches long respectively, fixed firmly 
into the wooden base ; C, C, and C" are horizontal pieces of brass 
tubing, 1^ inch long x 1 inch diameter, 1^ inch long x J inch 
diameter, and 1^ inch long x f inch diameter respectively, each 
perforated across its axis with two holes of such a size as to 
enable them to slide up and down upon the vertical tubes with 
a moderate degree of freedom ; they constitute the supports for 
the apparatus and spirit-lamp, and enable these to be shifted in 
position either vertically or horizontally round the uprights. D 
is a cork (or a piece of brass tubing split at one end) about 1^ 
inch long, fitted rather loosely into the tube C ; it forms the chief 
support for the apparatus by means of the metallic cross-tree D', 
and gives additional control over the position or level of the ap* 
paratus by being easily turned upon its axis in the tube C. The 
cross-tree consists of two horizontal thin strips of elastic (ham- 
mered) brass or German silver, about 5^ inches long and I inch 
wide at its middle part, tapering in width to f inch at the ends ; 
they are soldered together at the middle part, and fixed securely 
to the cork with their edges uppermost, either by simply making 
a vertical saw-cut in the upper part of the cork and forcing the 
strips into it, or more securely by first enclosing the outer end 
of the cork in a closely-fitting short brass tube, making a similar 
cut in it and the cork, and forcing the strips into it ; the strips 
are bent to the form represented in fig. 2, and are held together 
closely at their ends, when in use, by means of small metal 
clips E, E, figs. 1 and 2. The apparatus may, hy means of the 
cross-tree, be bodily removed from connexion with the stand, 
and without much risk of accident discharged of its contents. 

The chief part of the apparatus consists of two tubulated glass 
bulbs, F and 6, of equal size, varying from 1 J inch to 2 inches 
in diameter; they are supported by means of the strips of metal, 
D', clasping their upper tubulures at H ; F is provided with a 
glass tube, I, open at both ends, 1 inch long and y'^ inch in 
diameter, proceeding upwards in an inclined direction towards 
the bulb 6; it is also provided with another open glass tube J. 
6 has £l similar tube, K, inclined downwards, of the same size 
as I, and connected with the latter, water-tight, by a short piece 
of vulcanized india-rubber tubing L ; it has also another open 
glass tube, M, about 8 or 10 inches long (or more), and ^th or 
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f\fth of an inch in diameter ; M is supported at its outer end by 
means of a cork^ N, and a piece of bent sheet brass^ (see 
fig. 3), fixed in the tube C". ? is a small moveable wooden screen, 
3 inches wide and 3| inches long, supported by means of a wire 
(with a handle, Q), which passes first in a vertical direction 
through the cork D, and then horizontally outwards beneath two 
small wire hooks fixed in the upper and back side of the screen. 
R and B.' are two small solid stem^thermometers with cylindrical 
bulbs, supported in the necks of the glass vessels by means of 
closely-fitted and perforated corks ; the cork of the fiask G has a 
small notch cut in its side to allow expanded air to escape. S is 
simply a small spirit-lamp capable of being moved with its stand 
T, either vertically or horizontally, by means of the tube C. 

Mode of using the Apparatus, 

Take about half an ounce by measure of clean mercury, or of 
the fluid alloy under examination, pour a portion of it into the 
outer end of the tube M until it acquires the level U in the 
bulb G, and pour another portion into the outer end of the tube 
J until it attains a similar level. 

The liquid to be examined having been filtered and recently 
boiled to expel dissolved air, and cooled to the atmospheric tem- 
perature, is poured into the large tubulure of F (the thermometer 
having been previously removed) until the level W in the two 
vessels is attained ; the thermometer is then replaced air-tight. 
The extreme ends of mercury in the tubes J and M are now 
connected by wires, W W, with a galvanometer, and the appa- 
ratus allowed to remain at rest until the needles return to zero. 
Heat is now applied to G very gradually by means of a very 
small fiame of a spirit-lamp, the latter being in its lowest posi- 
tion, and is gradually increased by slowly raising the lamp-stand, 
— ^the defiexions, their amount and direction, and the temperatures 
of the contents of the bulbs being recorded at intervals until the 
liquid in G approaches its boiling-point. The heat is effectually 
excluded from passing to the vessel F by means of the inclined 
position of the connecting tubes I and K, also by means of the 
screen P. 

If the liquid is not pre-boiled, interferences are produced by 
the development of air-bubbles upon the surface of the metal in 
G at the higher temperatures. If the heat is applied too sud- 
denly, the apparatus is endangered ; and if applied too rapidly 
at the higher temperatures, large bubbles of vapour are formed 
at the lower surface of the mercury. If by long-continued 
action heat is suspected to pass by conduction to the outer end 
of the mercury in M, a small piece of damp cloth may be placed 
about mid-distance upon that tube. If the corks surrounding 
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the thermometers are well fitted^ and the notch in the side of the 
cork of R' closed by a fragment of bees'-wax, the apparatus may 
be safely left for many hours without risk of the liquid absorbing 
atmospheric air. 

In order to diminish the weight of the mercury without de- 
creasing the amount of its acting surface, I have in some in- 
stances formed the bulbs with flat bottoms, and in other cases 
have made them of the shape of a turnip, thereby diminishing 
the weight of the liquid also. 

In attaching the india-rubber tube L, the bulbs should be held 
by the tubes I and K only, because the apparatus is very fragile. 

Birmingham, May 9, 1859» 

LXVI. Theoretical Considerations respecting the relation of Pres^ 
sure to Density. By Professor Challis*. 

A THEORY of physical forces, such as that which I have 
indicated in preceding communications, while it may be 
proved to be false by a single contradictory fact, in the absence 
of such proof receives confirmation by every additional fact, or 
class of facts, which it explains. I have to a considerable extent 
shown the consistency of the hypotheses of the theory with 
phsenomena of light ; and in the Philosophical Magazine for last 
March I gave the principles of an undulatory theory of heat 
based on the same hypotheses. To this communication I pro- 
pose now to revert, for the purpose of inquiring how far the 
views there advocated are consistent with what is known by ex- 
periment respecting the relations between pressure and density. 

The fundamental hypotheses above referred to are these 
only : — ^The ultimate atoms of cognizable bodies are inert, hard, 
and spherical, and act upon each other by the intervention of 
the undulations of a continuous and highly elastic medium per- 
vading space. In the article just cited, it was found on hydro- 
dynamical principles that each atom is an origin of reflected un- 
dulations, and that the velocity V and condensation <r, at any 
distance r from its centre on the prolongation of a given radius, 
and at any time /, are given generally to the first approximation 
by the equations 

V ■ — -- ^ 

r r 

fir'-Kat + c) 
r 

Further, it was shown that the central velocity expressed by the 

♦ Communicated by the Author. 
Phil Mag. S. 4. Vol. 17. No. 1 16. June 1859. 2 E 
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8ec(md term of the value of V, gives rise to 4 rqmbhe adion.of 
each atom on neighbouring atoms varying inversely as tb» fourth 
power of the distance, ai^ tiuit the velocity expressed % the 
first term, and accompanied by the condensation ^r, aU|0 os^iises 
a repulsion between neighbouring atoms, but of incomparably 
less magnitude than the repulsion of the first kizxd. Sioce^ how- 
ever^ this part of the velocity, as well as the conden^atioai varies 
simply as the inverse of the distance, it appeared that^ the dy- 
namic effect of an aggregation of atoms on any single atom 
might be of sensible magnitude, and be either repulsive or 
attractive according to the distribution of the condensation of 
the incident waves about the surface of the atom. 

Now quite apart ftom the above theory of molecular action^ a 
general expression for the resultant of the action of surrounding 
atoms on a given atom may be obtained as follows, on the hypo- 
theses that each atom is insulated, and that the forces urging j^if 
sensible only at insensible distances. Suppose the collective atoms 
to constitute a medium, either solid, liquid, or^^a£]::^fQ];mjqi^ 
conceive a surface of equal pressure and density of the meciium 
to pass through the position A of a gmm atom. Then the result- 
ant of the molecular action on the atom is plainly in the direc- 
tion of a normal to thj3 sur£M9e> 9^ tends &om thQrj^fiq^ to 
the rarer ps^rt of the medium, or f jxmir tibe nue^rto^tb^^dwaer^ 
according as the component action is ^r^pulsive or. MtmrUvftt^ 
Within Uie sphere of molecular. activity. the cbaog^toltidoiililgr 
Ap corresponding . to a given cbaQge^ ^ o£ tbo .dislknce •£pdoi 
the tangent-plane {^t A may be consId^ftadooi|$ta<rf^i'<9rS) -being 
tlie density at Af the density p at any ^ifltoAee Ji^lrqwir itbf^dadi'. 
gent plane is D + 0^, Q being constant. Hence if r be drawA 
{torn the atom in anjr direction making an angltTV-'H^tBlfi^ 
normal, and -^(r) express the. law of tbe aggregati^Jictiqrr+i^f ij^ 
atoms included in the small space .. . « -. ./ '^., 

Arx^-A^xrsintfAi^. " ^*- '^ 

the number of which is proportional tq p and is €i\ippk).sed^,tP Her 
very large, then the resuUing action in. the. di^jSon pf.fthc 
normal is proportional to . .^ . . . : . ^j 

2.Ar.rAtf.rsintfA97(D4-QrodB#)eoft'd^(»^' i' '''- 

If this quantity be treated as an integral, and the integn^tiqn be 
taken from 7;=0 to f)^2ir, arid from 5=0 to 5=7r, the result is 

Or, integrating from r=0 to r= infinity, because by bypotbef^s 
the values of y^{r) are insensible for all but very small yalues of r, 
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AeliiMimt of aceelerative force irrespective of its sign is H.Q, 

or fl t ^> H being a certain. cooBtact. 

Let Its now suppose that each atom of the medinm is also 
acted t^tt by an extraneous force, as the earth's gravitation, 
aiid ^hat this force just counteracts the resulting molecular force. 
If the eixtraneous force be G, since there is equilibrium of the 
insulated atom/ we must have 

But the pressure being p, and being due to the action of the 
force G, we shall have by hydrodynamics, 



Hence 

and 1^ mtc^giratioti. 



A;)=:GpA^. 
A/?5=HpAp; 



'We have thus bee«i cefndneted to a law connecting A^ pres- 
sure and the denisky, ^e^ent froiii'that c)f Manotte/ by >i pro- 
cess whieh assumes otify thai media are molecidarl^ constituted, 
aind -that moleeular actton is ini^rrsible except at msensible di- 
stanees. To account tot this difference is a matter of some sci- 
entific kiterest. Since expmment has shown that for the es^h^s 
atiaOflpliete, the temperature being given, <^sG/:i&rt=:K4i>, K 

being conaikant, it follows that -^ yarieS) as p\ that is, the diiSfer-* 

enee-of the mean densities of two contiguous atm,ospheric strata 
of given small thickness is greater as the density is greater. And 
yet the resulting moleoglar action q£ the strata on a giyen insu- 
lated ^tom is eveiy where equal to the force of gravity. Not 
haying met with iiny explanation of this fact, I proceed to apply 
to it the theory of molecular action I have proposed above. 

According to this theory, besides the repulsive action of in- 
dividual n^ighfaovinng atomK on a given atom^ yarjrfng inversely 
as the fourth power of the distance, there may be a repulsion 
due to the condensation of waves propagated fron^ an aggregation 
of atoms, varying cateria paribus according to the distribution of 
the incident condensation about the surface of the given atom. 
This repulsion will be less as the density of the medium, and 
consequently the condensation of the aggregate waves, is greater, 
bc^iise, as the cotidensation increases, the pressure on the 
hemisphere of the atom on which the waves are incident dif- 

2E2 
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fers less from that on the ofrposite h«itfkt()hei«. fie&t^ Ae 
constant H^ which in the above aniedyeis #a» suppc^ed to be in- 
dependent of p, must, in order to take i&to accdantr th^ «£fedt of 
this distribution of pressure, be regarded as an Tinknown function 
of p. The law of Mariotte requires that this functioi^ sbojEdd be 

of the form — , and that the repulsive action from the maivid|KU 

atoms should not be of sensible magnitude. Tbe sfi^^i&iko^oiit 
of this repulsion in aSriform bodies may well be attiibuted to 
the comparatively large mutual distances of the atoms. It ilj 
clear that a repulsion varying inversely as the fourth poiil^r erf 
the distance, if sensible between neighbouring' &loms''lii"li 
gaseous substance, would be enormously great if ^li^" gdsnte 
substance were reduced to a liquid or solid state* ' " 

This law of the increase of the repulsion of a^reg«ftton witii 
diminution of density, seems to account for a phs6)!^S6^£»^ti 
otherwise very difiBcult to explain, viz. the gf^ftat d^lo^erit 
of repulsive adtion in th6 attenuated tails 6f ^tt^iS, ^h^'^^ 
of which ,were so signally exhibited in the rtceiki iWstaycfe^>D«l- 
iiati^s comet. ^ '"' * ■" ' '■'. '''it*! •;. 

Ill li<iuid and solid bodies, on 'the dontrary- l^y^fe6fe'^ tlte 

much greater toeatiguity of the atbms; tlie i^ptdsivie k^tito 

the individual atoms beCotaefe ^krj ^lier^etie,' ^hiiy fifttePMfifle 

reason the conderisatibns due toan iggreg^if^* of ''ii^eatt8 m\k 

be so far Jnfereased, that the pres^iire abo^ut aAy sfteifif'M^WWcm 

they' impinge may dthfer be distributed uniformlj^, 'W ttifc^ 

accumulate on the side oppbsite to that of incideneeii' an:d -thus 

the repulsion be converted into attraction. It is alsci boHiseivable 

that under these circumstances the molecular action, whether 

repulsive or attractive, may be nearly proportional to the irumber 

of atoms in a given space, ^nd that for, at l^st, stiiaB^Vttftetiafls 

of the densrty of the' medittm, thfe quantity H fe -^ft^^ i«6itir1y 

constant. The law contieeting the pressure -^d'-^fte^sily in 

liquid and sdid bodies would, under thiBlimitJBttion,Tte eipre^sed 

• H ' ■ ' "' ' '" ■"' '■^*'^' 

by the formula jOtts—.p^-f C* • . . 

This theory enables us to conceive bow a ^g^oujs bp47^ by 
being greatly compressed, may be converted into k Uqji^a. 

Cambridge Observatory, 

May 18, 1869. . 
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LXVII« Some oceamnal Observations on the Structure, the Melt" 
inff, and the Crystallization of Ice, mtda is Siberie. By A. 
Ebman^ Prof Univ. BeroL 

To John Tyndall, Esq., F.R.S. 
DsarSik^ 

YOUJl important experiments and observations on the phy- 
sical properties of iiee, of which I have read the report in 
^.fhOosophicd Magazine, No« 108^ remind me of some re- 
marka cxi the same subject which occurred to me during my 
travels ia Siberia. It seems that at present these remarks may 
become U8i^ul> for some of them agree perfectly with the results 
which yoa haye already obtained, and therefore confirm them, 
]Hid sqme 9ther% like all phsenomena thajt are atill waiting for 
an explanation, may be an inducement to ne^. e^eriments, I 
limkgth&sefyiikf, tt^at either yourself in the secwa part of your 
ceseapdaues, or other observers, who may participate in them, 
WQi4^ like to take notice of my observatians* If you are of this 
opiniout I should wish the descrxpt^n of what I have given to 
be^Opae kJiQwn to English philosoj^ers, by your publishing it in 
the Philosophical Magazine. I have endeavoured to have these 
/obsdrvatioBs quite verbally translated. from. the German volumes, 
.(intitlfid Reise urn die Mrde^u, s,w., whic^ I published in the 
y^ara 1835 to 1849 > and I hope you will coi^vince yourself of 
^tim ag^eem«nt by comparing them with thepassa^s quoted from 
the yjGrerman work. I may add that my translation of many of 
^Q passages in question agrees fully with that of Mt* W. D, 
V/^l^y>ri^ bis somewhat abridged English ipdition of part of my 
boioki entitled " Travels in Siberia,'' &c., by A, Erman : London, 
,1^4Sl .■ The remainder of the anni^xed i:emarJks, however^ will .^ 
,£Qijy^ in full accordance with the German only, whereas some 
par^idar^ have been omitted in the English aoridgement, per- 
h^pii;^. af not being of interest to the public in general. I have 
nevfi^eless quoted at each of these passages the pages of the 
!|^^pb^as well as of the German edition, when the phaenpmena 
in question are either merely alluded to, or fully described. 
Believe me, dear Sir, to be- with siacereBt regard^ 
Your obedient Servant, 

BerUn, 1^ Friedrichstrasse, A. EliMA^. 

April 23, 1869. 

Structural divisions of ice observed on Lake Baikal, 

(Reise urn die Erde, u. s,w., Histor. Abtheilung, vol. ii. p. 175. 
Travels in Siberia, &c. vol. ii. p. 284.) 

February 26 We reached the coasts of the Baikal at 

Fosolskoi about three o'clock in the afternoon, and commenced 
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immediately the passage over it to Cadilos^ The cnuol^g oi 
the ice into upright flakes extends for about a yerstlrom the 
bank; and then begins the level glossy sudSacer. We made a 
magnetic observation on the lake^ when we had reached «idistapc€^ 
of about ten verstsfrom the ^hore at Posolskoi. The. ice o£^de4 
our instruments a perfectly firjgn foundation, and was at this hwa^ 
time more free than any rock can he, from the suspicion x^ifmagr 
netic attraction. It is perfectly txansparent^ but iray€rf(e4 by 
perpendicular cracksyhy means of which we were egduibJedrJto di^n 
cern where the fluid and dark-green water began, ana. to mi- 
niate the thickness of the ice at 4 feet. Th^se cracky iTfOrei^all 
e^ttremely narrow^ and filled pnly with, air* H^^ ^ofi theuit 
reached from the sur&cq only tq ,a certaiii dep^h9^,)f|lbi)€^^;wafl{^^^ 
same for all> and seeded to be a third of the. entire t)pi^ne»^ 
the ice.. The other cracks then b^gan at thiad^pth ^df!!^^^!^ 
down to the water, I remarked, moreover, that ithiprpt^mea 
which these cracks affept,. intersect one another ,^ta9i ^Pg)^ of 
120® ; so that both the nppec and lowier ^Jf ate W Jlii|fj5ejby)di7. 
yided into prisms, Vhich have Jieaj;ly ^e s^Rip I^iwfcijrggu^ 
as basaltic columns^ biit j^ith i n^Hcb> g^t^F \if(^^^ 
evident that this separation must have taken place di]^u^,ibj^ 
congelation of |he.ice^,i»id that^v^intopj^pl^^^^tf^ dif- 
ferent timesj and instantaneously in.eaQao£thj& ji;wo ^^il^i||^^ 
to. . It may be conceived, that the ujppehnoat Iwr^ 
cooled down considerably below the fi^ing-jM^iiif|/(a^^ \Wfrk\ 
crystallized suddenly and in a mas/j*. , Tphe Ipwi^ ^^^f^t^,A^>.W 
may have subsequejQtly, formed itself in jtffiq^pfe W^Wi^'i^h 
its differeaij; a^being.prov^b^itsidi^ereAt ^st^'p|f/5iyM^ 
Quite different in look fin^ origin .frpffifthdjwra^ 
were the much wider ^ssures ^hich ar^ formed, %J|;j^^,,ppoling 
and contraction of the ioe subsequent to its p^rfec^t P(^g^^9A!^^ 
I found one, of these at the place wheTC:t»^e.,wefPj.a^pmj^ \l^ 
ran from thence to the. noxth-east i^d soutjitw^t wfert*Wfi'4s^ 
viatiop^ to. the horizon. It haid tlirojjgbjput a^ntf^ il. 

4 inches, and reached frgni theuppjer ^uirf^ic^ to ,tnfifj!#^«^ J^ 
was iSIled with i^ewice^ which, gave it the.lopkpfi|^v€4I?jJQfj^^^ 
in rock. Whi^t ajddpd to. thi9 re9?p[ib)anc^,w|f9j|,^liiflA,W^^^^ 

Travels in Siberia, &c. vol. iJ. p. 1'96. ' ' ■ '^^ '♦ • •» ' '' 

February 13. — We turaal off fWmi the western co&st(ofB&ikaT) directly 
aeraito«lhe aea, till we i|iaile Potolskoi tit the oppwate lidBj \Tli^'Wa»Tio 
snow upon the.ioe> so that it» snrfilee sl^opt) i)« a pcdishpd.'toirnyri <• «•« The 
regular and steady tread of our l^orsea' feet rang over the v«^q a^d dreary 
waste^ interrupted now and then hy the shrill sound occasioned hy the 
sledges when th6y turned round and yielded' at the same tim^ to the 
dnnight, or by the duller. iKn»e emitted JYom theU:& cratkiiky und^'Hke in* 
creasing severity of the frost, ., - m 
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faig^tfae crack was always much whiter than the surrounding; it 
was^ in fact, traversed by fine cracks or flaws in a verv regular 
and remarkable manner. One of these cracks formed a conti- 
nuous and somewhat waving line, which Yig, 1. 
occupied almost exactly the middle of the 
i/Wii, ^tid from that proceeded, at an acute 
angle, an immense number of smaller flaws 
to each side (fig. 1), just like tlie lateral ribs 
of a leaf issuing from the central rib. It 
i^ceined* rather difficult to give a thorough 
Explanation of this singular mode qf frac- 
ture; but at least it was evident that the mass 
in the vein had been subjected to b great 
i^i'^n, owing to the pressure undef which 
Ac water was frozen, for immoveable ice on both sides had re- 
i^iitbd^he dilatation which attends the process of congelation. 
^['AtUHHanal Remark (^jE?n? 1859). — These observations, which 
Wfere remarkably favoured by thie transps^rency of the water and 
of the ice of LaW Baikal^ show us a primitive sort of ice clearly 
disttnguishable from a later or injected kind, and, again, in the 
f<)rpacr — '• , 

-tij)^ ^>jijfhjigiQfi ififf^ kanji6ntatsirdta:,---^wb of these strata, and 
df^wiirse'the most perfect qiies, werfe observed; but more of 
tfif^ttf'wWiItt perhaps Mvc been fbuiid if the ice had been anato- 
t/iW^ ^fMt, "TyiidalPi iiigenious proceeding bf interior melting. 
TMs^Hdrfeohtal fissiUty h evfdetjtly connected with the vertical 
dfi'ejjtion of an c^tical and ci7stallographic axis in the ice of un- 
moved water, wWch was first pointed out by Sir David Brewster, 
ilhtf 18 now acknowledged by all opticians. 

2. Divisiims of each of the horizontal strata hy perpendicular 
planes into almost hexagonal columns.— I^q width of these per- 
p^pdicul|ii* cracks or plane fisiiures is so small, that they only 
becbibe visible by the air or thfe vacuum in their interior and the 
adj^Jining sbWd acting differently upon the light. It is by these 
fiWiie circumfirt^ahces of their small width and their emptiness, 
that fissures of this kind differ from those which are formed by 
the ice cooUng beneath the freezing-point, and which are then 
mostly filled up with thev^olid product (^ a new ^ copulation. 
We have therefore to consider-*- . . 

3^ These. ^acks, owing to contraction^ and 

.4« Thorn thai areprwhiced in tie id^ of posierior formaHfm, 
viz* in that which is afterwards injected in the previously men- 
tioned (jsub B) Cracks by contraction. And so it seems that, 
according to the producing forces, we must distinguish in lake- 
ioBp wberey.fpvmed without distuifbance hy waves or the like, 
between — 
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A. A horizontal dhifiioii^ mentioned «nder (l),^ Mdd Am %o 
the perpendicularity of crystaSographid ax!e8y amd :pe#hajps Id 
compression in a vertical sense. 

B. Two kinds of vertical fissures^ mentioned under (2) and (4), 
and arising from the lateral compression mntiia% exerted by 
the particles of freezing water. Hie rending effect of this com- 
pression agtees with what, in the case of other substance^ is 
eommonly called crashing. And-^ 

C. The broad fissures oecasumed by contraction. 

I must own that the crashing of ice or its roMUiig by ooimr 
pression seems to me as explicable^ or even more «o, than,; the 
rending ^ the same by contracti(m« As a ph^nomenpn.the 
hitter is of course mcnre familiar to us^ and ther^ojte geperally 
acknowledged ; but on tiie<»petical grounds we can iieitber e^p^ 
nor should be able- to explain its talong place iuaajf^iiiass of 
which all parts were equally cooled. 



Some instances of a it^ or wet soil being rent by conirihtion. 

(Reise urn die Erde, u. s, w., Histor, Ahth. vol. ii. p. 215. 
Travels in Siberia, vc^. ii. p. 326i) ' .\o« ^^ 

March 25, at Kivfensk in thevalley of Ihfe Iie»li. *v; Shfwards 
evening the clouds vanished, and I observed trAnailsirfitiMtstifri^ 
to determine the geographical position atid l^e magnetkldedli^ 
nation . In a few hours the air had again coeled;dowii- tO' 16P>R4 "^ \ 
and in the yard where Ljaetmy instruments, the ground cracked 
with a loud report from the rapid contraction which it underwent. 



{Reise um die Erde, u. s, w., Histor, Ahth, vol. ii. p. 247- 
Travels in Siberia, &c. vol. ii. p. S68.) . • '^ 

AjnilBy near t'akutsk. — The Lena was now diViSidiBto a 
number of arms ; and between the ice of these, li^ isfitidS with 
snow heaped high above, while their sides, fbom IS'tO'SOffed; 
high, were qtdte black. These islands conrist of fine- nliid "With 
fragments of willow-stems and roots, as if swi^pt togcfihe*^ by 
inundations of the stream; but the unparalleled frost which 
their naked sides have to endure every year had cracked them 
vertically^ and divided them intx) soeh rude piUaiis* that they 
reminded one of the limestone rocks of the upper valleyi The 

^ The same day I noted the temperature of the air aa fblbws :-t> 
At 1 15 P.M. . . . ~ a-5 ft. 



4 46 „ . 


. . 00 


5 „ . 


. . - 4-5 


7 30 „ . 


. . --1«'6 



See Reise um die Erde, «. s, to., Physikalische Abtheilung, vol. i. p. 372. 
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mxmm clefts were filled from above with iee^ which bow locked 
like ahinin^ veins m a bladk roek^. 



(Btftfe «ni die ffftie, tt. 9. «., Hwron.;iM. vol. i. p; 648. 
THvqIb m Siberia^ &o. vol. ii. p« ^.> . ^ 

Beeember 9, at Obdorsk ; lat. 66^ 81', long. 64^ 9^ east from 
Paris. — Hills separated by narrow glens form the right bank of 

the river Polni Here it was not the action of water which 

gave these hills then- remarkable ou^ines, but the frost, which, 
causing cracks in the earth of great depth, frequentfy separates 
masses which resemble basaltic columns of colossal size. The 
water which runs down to the river along these tracks, on the 
^netting of the snow, wears away only the outer edges, for at a 
little depl^ the ground here remains perpetually frozen* 



{Rei9e um die Erde, u. s. w., Histor, Ahth. vol. i, p. 690. 
TraTels in Siberia, &c. vol. ii. p. 65.) 

December 12, near Obdorsk With a perfectly clear 

sky, ftidd the thermometer at --27^-5 R., we set off at U'* 18"» 
A.tf «, just as the sun was rising from the houses on the ridge 
into the valley. At first we travelled on the ice of the Polni, 
between! hills deeply cracked with frost. 



{Reise urn die Erde, u. s. w,, Histor, Abtk, vol. ii. p. 159. 
Travels in Siberia, &c. vol. ii, p. 265.) 

February 22, on a Transbaikalian steppe In many places 

^he grouiMl was cracked by the frost, and the (deep qlefj[;a crossed 
Onei; another in mmy differ^t directions I had seen cracks of 
the same kind in the snowless vaQey between Troitsko Savsk and 
Kiakhtfty and also at Obdorsk on the driest parts of the elevated 
hanks of the Obi* 



* As fdr the frost alluded to in this piAsag^ see Travels in Siberia, 
voL ii. p. 368 {Reise um die Erd€, Histor, Ahth, vol. ii. p. 252) :-^ 

I found the constant temperature of the ground and the mean 

temperature of the air to be both nearly — 6° R A degree of cold 

exceeding ^40^ R. takes place in Yakutsk every year, between the 17th 
of December and the 18th of February, and most frequently in the first 

three weeks of January In the present year (1829) the cold was 

somewhat severer; on the 25th of January it reached its maximum with 

— 46°*4 R In ordinary years the mean temperature of two months is 

under —32° R., so that mercury is in this place a solid body for one-sixth 
of the year. 
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'- PecMur injhience of iun-rays upofn snow, wHek they cannot %ediM' 
up to ike temperature ofmekmg. 

* . (llcwc ttwi (fte Erde, u, s. tr., Histor, Abth, vol. 1. p. 704. 
^' * Travels in Sftena &c., vol. 2. p. 7^.) 

Dedember 13.' On the Obdorian Mountains; lalj. 67*' 13V 
long.«4*'30' east from Paris, at about 1700 Par. feet (i8l2^ 
English) above the level of tbe sea, tho air being very dW^ ^nd 
it$ temperature varying from — 26r to — 30^ R. ....]. , Tfpeia- 
dlined strata (of hornUende slate) were quite bare,, aiaiff it. wiw.^ 
dnb^ on their eastern borders that snow had .accun^i^at;^ j^ injt<^. 
Ifttle hitiocksi ..... It waa curious to observe how ipe^^ 
dictilar sti^ace of the heaps of snow behind tiberroc^sH^^^^ 

1 mirror-likfe ice; for 



diatigeff in every instance into hard and , ___ 

this could not have been effected by an ordinary thawiihg. It is 
true thaib the sunbeams, which (in thiiri|i9t and at this time of 
the year J played but horizontally oveir the plain, fell perpendicu- 
larly on these walls of snow ; buHp their intensity was weakened 
by their passing through the densest strata of the air, they would 
Mirely not have elevated the temperature of a substance less< 
ftisible than ice froin. —28*^ R. to 0° R. The undoubted evapoJ 
ration which it undergoes even at the lowest temperatures, seemtj 
1^ to prove a continuous liquefaction of its surface ; and asl 
this takes place when the surrounding bodies are far from bein^ 
warmed up to zero (of Reaumur), it aeem^.that the extreme sur4| 
face of ice appropriates to itself the heat of liquefaction, not 
^eo^dits^^thekw 6f ^diktidri; bN^t* p^rhap^ i(^ tbslt bf t; idhb- ' 
iilicri^ii»»ty» '^ -■ - ■■^''.' ■ ^ -^ ''^ -^'''T^'^ ^ 

t,^f,Mj:"-i^' - • . '-• ^- '. * / ''i'. • . 'yi:.,^--i ion '^ii> ->.il 

. 44<^tkin^ i^emarki^prit lS59).-»r.I iim^wbll awaieJhalrtViBt 
qjp^i^l^ i^eoilQecti^ ii^tk. the mire general tme^-^-^heih/er itiie • 
ev^|)j^a|^i^ ^ iiiiiy solid body-takeil placsQuiithoutiai lii|^M»ladtiote> 
ofj.t^^Rf^i^lc^ which fetw ijt§ suifiE»e ? TlmnjuiA-'iiaieiMaoneA^ 
pha9|y^^jiGp^]see«»^.toan6wtw*:i^ nn in'-' 



Wonderful transformations which snow-crystals were seen to undergo 
from causes still to be ejpplained, 

(Reise urn die Erde, u, s, w,, Histor. Abth. vol. ii. 
l^ravels in Siberia, &c. vol. ii. p. 501.) 

May 13. Lat. 60° 40', long. 138° 57' east from Pa 
Par. feet (2749 English) above the sea.-^I had " 
ately after noon to measure solar altitudes, when 
light clouds began to form and then to he davrnj 
west wind. The air cooled down (from about -f 3° R.) to -f- PR., 
and snc^w feU lor sixteen minutes; thdn th^ cldudsr'idisaolfied 
agsdn, the ,evf)ning. became clear, knd the cold iiicreas)^d in the 
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more variously-formed cry«ita]s than durii^ this, short and sudden 
shower. , Dach grain fell .single, and ainpng^ the fe^, which set- 
tled on ihe glass or on the n^tal of ;aiy. ]ii»tji;}Jim^^ii, I could 
di^tin^u^sh &^x differient fcH'ms, Dmbtl^f » ip^ny n^ore re;naii|ed 
i|p(i|;)^rvedj for my attention was dra«f n in .the jmew time to % 
more Wonderful an^ (^uite novel phsenomenoi]^*^ '. Many of th^ 
ci^kab' began to m4t the instant th^y touched a 9ohd body, 
an^ sbn^d^ as it seemed to me^.m^tcd while $t^l fi^IUng thipugh. 
thy air j out in the next moment.this was fpllowed always by ^ 
ri^Wcdngelation, the grain of snow assijping, not it 9 previ^p^s, 
foVi^^bjW; another more complex. Thus, for iJistancQj, ^he most, 
siti^fire^ crystals which I observe^ . todaj^, con3istte4 Pf six tk^Vi 







^ ^ ifefe-of- 

a regular hexagon (Bg. 2 a). When melting, each s^l^^jrsly •£- 
this star contracted into a thicker cylinder of water, having about 
lwlfic*:d«s'>fewiaetiJ«ingth |[fig.(24)^ bti^^^lftftr^a^ few MoWii^ts 
thdile c^inder» were seen* to oon^alligiaihi/, sitid chtoged fh^reb;^ 
iutdibrcxai^Bi^ plsitesy sharpehi^d at tb^ duft^^dges 1^ Wo j^ji^s 
oEHivegidariiexagf^iial pvismj "Bfee wl^ilek^jfstsd beeftiiiie thu« 
again an hexagomdiJ^ar; but with brt»adeis^d^i^lc»^t^'¥^ 
it had before. 



ov/v-jVjjv 



%3*. 



Fig. 3 c, 





' Other btyijbals, which had in thebegmnitig sd^h flat and broad 
r]qf» (figJ^4?))- ohabged these by nielttiig into feathered ones 
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{Hgi &'i), beoaiiKeaa ti^eir liquefaetidn there remained only the 
middk of eadh plate, like «di icy needle, in the water, until, the 
new eongelation ea«u]%, a number of needles ran at each side 
out of tins rb at a&glea of 60 degrees. 

Skwae of the stars were feathered in the beginning, but only 
»t the outer half (rf thdr rays; I did not see any change take 
]^aee in tbsmi Bor did this hi^fi- -pig. 4. 

pen with some other more com* 
plicated ibrms* Thus I obs»FT<ed 
9itt0iig< others a small and eon** 
tinuous i h^ca^o^dtal plate, with 
nimple rays issuing like dia-^ 
out of its anglefi^; but 




irays was still conii^ted by 
couple of needles which met at 
an «n^e of 60 degrees (%• 4). 
But these complicated fori^s 
were comparatively v^M^ ^xjoi 
tibo»$ transform^ under my 
^eyi^ were so papedomwpwt, ^n4 

CBented a^ spectacle so full of motion, that at last I could 
dly faelp fGompariilg. them .with living beings. In fact, it is 
ouly in the >W80 of such that we arc accustomed to witness 
chaugea soiiiysterious without inquiring after the forces thai pro- 
4uQe thf)Wv We got, howeveaTi a piirtial explanation of this pksd^- 
9^0900^.1^ remarking' that the outer psrtd of the soowK;ry§taJ, 
whi(^ Mf€m't^^)fi^t to melt> borrowed thcHf warmth; of liqtiefao- 
t^ from the(patt$)tbetremidned solid, m^ theieby^eOoled Uiese 
bd^o^ the f oii^ of opngelation, The^ newly-£>rm^ water, could 
U|en fre^e again by ita ooJl^eting. round thos pold ic$j ^md by its 
^eril^g^.l^ the S4^e time a^smaUer siirSpioe'^ to the air > whose 
lii^pe^ture had mejtod, the crystal*. Thia; water then assumed 
in freezing a more complicated form, beeause the. remainder of 
thQ old ory^ exerted in it a grei^r variety of attraction than 
that whieh occurs in a whqlly liquid drop. Perhaps all compli- 
cated fofms of moyf result f^om the simple one by meeting; and 
freezitigagain in this way, a pocess which they must then un^ 
dergo during thei? fall tbrough the air ; and here this hypothesis 
seamed somewhat confirmed by the complicatf^d orystate being 
always of le^s diameter than the simjde ones^: . * 

Additional remark (April 1859). — I have sometimes Watched 
the snow-crystals whici fell at Berlin when the temperature of 
the air was a little higher than the freezing-point, but till now 

* Viz. the curved surface of a single, or dF six connected dfOf>B. 
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"(nthout seeing again the pheetfomeiion just nyentiotted. We mfljr 
suppose dtketr that these observatioiis were ettiS too rare t» 
present some one oi those neglediied and aj^parentty trifliKijg «if- 
cumstances that are requisite for the phsenotii^aKm in question^ 
or that this depended also (m the spot whefe I made my -first 
obsermtion having been at a considerable elevation, and 6ons6- 
quently not far from the atmospheric stratum where the ttsow 
Tpia first formed. But then, as to the e:q)knation of th& obr 
served metamorphosis of snow, T think it might have some Cotif 
nexion with the equally obscure property ot some ehc^cd 
|trecipitates, which, like carbonate of lime^ aocorditijf to M. Ehreni 
berg^ consist^ when first consolidated^ of regulkt4y aA^goiged'lolid 
globules, and which are then changed, ^'ali of ai^ddel^^knd^qoite 
wonderfally/^ to aggregates of true crystid^ af'mici;oaolypk «ke» 
(Cdnifer Ehrcnberg in Abhandlunff€nderBipUnerAiaderim}lS4^J) 

Sunbeams seeming to melt the under surface ef the ice (jf a river. 

{Reise urn die Erde, «. e, to., Hietor. Abth. toI. JT. p. 407. 
Travels in Siberia, &c. vol. n. p. 513.) . j . . ' 

. Mai/ 15, the temperature of the air taiying b^weefi — 5^ K. 
at sunrise and +5° R. at noon; and the devaftion^ bdh^ 980 
Par. feet (1012 English) aboVe die sea.--^Wherevfer We rode 
today along the river Arka/ or acro^jit from, onfe ^d^ of the 
valley to the other, the effi^ts of the rapid tiia^r #dbo^iHbIe. 
The stream was quite free in the middle; atid at ti»ef siifeB the 
thicknei^s of the ice, though it varied considerably, 'Was wfery^ 
where mrueh diminished. It was very smooth and t^ai^paitot, 
and I saw beneath it an astonishing quantity of flattetied air- 
bubbles close together, and almost <;olleeted into a continuioua 
stratum. Where the ice was thinnest they weife a foot iA dia;- 
meter ; tod a loud wbizeing was heard in such plaiees midet' the 
feel; bf the reindeer as they broke trough the thin edv^iig of 
ice. But the bubbles were always smaller where the iee was 
strong, evidently because the air was frozen in during the 
winter, and now, as the thaw advanced, it was liberated and cot- 
koted at the surface of the wateK This proves directly that the 
icj covering here was melted, not from above downwards, but in 
the opposite direction. It might perhaps be (but it was highly 
improbable) that the scarcely warmer water from the middle of 
the stream which was now open, had got to the bankfe* and 
attacked the ice from below, or which is much more likely, that 
the sun's rays passed inoperative through part of the transparent 
ice, but developed and gave out their heat near its under side 
and when they fell on the surface of the water. 

* This event seems the more improbable as the river was shallow and 
moved rapidly in a stony bed. 
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LXVIII.. Stereoscopic represenWion gfPnni a^ it mpeof^JW^^ 
. viewed with both eyes through Voubk'rejfraciing,^ary^.J^ 
,, Prot H. W. DoyB*. ..... ...,., ,. j 5.: .. .^ .*^^f.; v 

IN ifche Report of the Acftdektty/ J85«i;^. 815/ai^:feg^^i2«lfrj 
vol. civ. p. 329, 1 have stated that if h ^a^ Wmi^Vi^ 
wgdd^iii&1kAh ti^lihi^^ i (iiiy^ldf ^tc*^^^^n§iiiiige 
ilppears etevttt^a eonsidwably iiBbVe the^6«ifeF,>Mle^'lf^4^'1^ 
i^garddd with ohe eye, tfie two imagtes ipp^ to' lie^iA^hiilAHi^ 
plane. As the temm fer the elevation In the fiirn^ tif^'is %&* 
be sought in the dffi^nt re^^adEion of the oi^din^iry ki 4 -^ttt^^ 
ordinary ray?, I eiime to the eonclnsion thi&t Sie pidBelfoiMeiidii 
iii the calc-spar would be reprodueed fitereosdopieafly'lf'^h^ 
double refraction were represented by a ^oubte itiipr^8Gf^ ^^ 
d^rait re&acition of the two rity«('being^re^;)i!eseiited%# ^ifSttfg 
iX the rep^tfted fine towards fhe i^ lin^. The -^x top fiA^ t^ 
the accompanying illustration, Wbc^ r^gardedlh tiieistgrd«li^o^,' 
display this phsenomenon in a striking manner ; the last line 
rebtes to the following paper." "~ ~''"~" ~"~ -^^^=^- ^^^ =^^.=^.^-r 

If, in a stereoscope, the drawing designed for the^gbt ( 
substituted' for tkat for theleft, and rtcc versd^ tne b6iwe3 
becomes coucjave." It id obvious^hit ifit be desire|k.tdJ 
this change visible, if, for instance, in the case of Hhtui 
pyramid^ m wkh tac^sdrre thetpassagi^of i£He'»iDtiof^ 
thioiigh the base, the'iskange nmst be b(» iiiian4iged:thaty''du 
the period in whieh it takes pkce, both piMJjeGtiiins migr iretsa 
iir the field of TiBW. Thi8canbeeffe^ti^'iffl>st«inpiyvif:4i<dbr^^ 
fae^ regarded with one eye nakei^ and witli tilie :oth€»^/dihoaghj 
a^refleddng prism^ aiRirat "tiiersasae' taoEie be iurnediUmidgfe 
an an^ of 180". I hav^» deaetibed tUa idthehepfxefyShdbl^ 
p. 249, and 'Pogg^.jbeu voLlxxpii.'p. 18&«' ili^JttleidiiaifM toi 
a|}ply this principle to m,n ordinary ien»» «9rrpngm^t^»osecip<fyi 
it is t»Lly necestery W fttaten tiid two> dbwwingwix> isqjii|dtrdAi(lingi 
ciiclesi^ and toiaet l^ein turniiig by nieima^>of erospristrimiJ oAa* 
the plioamomienaKi ahnouiiced by me has sinee been^ekMrne^by.* 
many physiciBti, it is possible that this teonilbivaiicb ^im^-^lalldf 
been thought of. The lask modifibation, rjy^ fer aa ii| kncwj- 
has been pubhshed by Henry Hdlsket, who has dAkn^ut^hfr 
meanaof cotaplicated. niechamsm for moving both iismli^ev'jn'a 
direction parallel to the tine uniting the^ eyesy the motion 'of &e' 
section perptodixHilariy down upon the plane of the dcamng ma;;^ 
bemade visible. > It is, howdver, easy to effeet tfaii J^^&e-motionv 
of a aingie image* To give an idea of this, I have-had tke&csfc; 

■ ■ • . .... ■ , .. /. .1-. '7 

* From Poggendorff'» 4nnak»p No. 4, 1859; covm^wupil!^, ^ thj^. 
Author. • ' 

t Fogg. il»«. vol. c. p. 667. ■ ' 
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lines on Slide II. so printed^ that now the odd lineSj^ instead, of 
ttie even oneis, are shifted in. The fines that before appeared in 
A^ stereoscope depressed, now appear raised. * It is clear that 
if the repeated lines were made moveable on a slid^, the motion 
perpendiediurly dowp ^s^mkqi ij^e p]4^^ <if tbe pj^s^to^w^d'hi 
iianiediately dbvious. i\ ^ ',.- I 

As the double-refracting powef of eak-^par decreases ^llr its, 
increasing temp^ature^ whue its rhQip(ib0i4al foifiBr^jpjJQOximatefih 
continually to the eubci if this change «Duld be car/f^ed t<^ farj^ 
the negatwdy doubla-refracting cale^sparj aftc^ paft$ii^ thi:€mgh 
the state oS single re&actioa^ woaU beoouie M laat pi^mhi 
double refracting, while the extraordinai^ myi wM^^ «t the 
commoa temperature exhibits a less refrait^tion than the ordioaiy. 
rafj would then exhibit a ^ greater refraction.. The.^p^riiUfeiMt.- 
above described explains, what would appear with relation to tM 
^sible motion of an image seen in a cryis^ of cailcr8|iar si^jected 
to.]^ i^cmtinually increasing; tmnj^eraUure. > r : 



I^XIX. On the Application o/the^ Stereoscope to distihfuiii,J^Hht9, 
from 'Rj&jOTiniSy or generally OnginaU frdtu Copies^ P^jf Pfpf» 

JH.W. Dove. "' ] \' -V- ' "'^ '^'\.'^' -'^i, 

THE oonmdtrable degree :to whidi the 3liiies^ i&- |he;^Q»4^ 
compatiiying SUualratibQ appear in the stemosoopef'to b^ 
c^vated one above an^er <ia a eprnparative^ tnfling idn^n^ ^ 
0^ the lines themselves tovvMis tftdb otib^ii' a ium^o^taldiii^o^^ 
tton, sho^ii^ that we liave becebya^ meai»of r6nd<fcrin^ ritiflcpghr: 
vnible tiie difference, betweeo priitts^mdt ab^soiu^ 
It is obyiinur that if the ii]Jb»q}aceii of tKeindiicidiialiwc^Si&fe 
nut absolutely equal ii^ the two pritited in^essio];is^tbone Wfaicbi 
tp the nxkdd eye apf»ear ia tme f^lane^ wiU (ih the 'stereoilcE^)^ 
rne like std^s cme over 'ano&er, Tfaetbwies£ Haes^of the tvifo slides 
have been cCHnpoeed of the saiiie . typo^ ivttitout the dompesitor 
being told tlmt a di&xence wa» i^uiared, and yet, although the^ 
^JierenCe of the distance 1>etw^n the second and third words is 
imperceptiUe to tl^ naked eye^ itt the stereoscope the three.' 
\«^rds rise like steps one ev<»r the c^er^^he first wqrd being:! 
the low^, the second higher; the third highest While, there^ 
fore, a re-impnession of the sentence from the same farm appears- 
all in one plane, a reprint of the same sentence^ even though &om 
the same office, and i^ougk the greatest care has been tokrai- tot- 
preserve die resemblaueei, will present a perceptible •> diSezenceL > 
Whether, also, in a new edition only the title has been changed, 
can be easily determined in the dame manner. 

What has been said of printing applies of course, to copies 
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generally. In the imitation of paper money the criterion of 
comparison has always been the difference of form. The pro- 
cess above suggested affords a much surer test. If, for instance^ 
a bank note and its copy be laid side by side in the stereoscope, 
a difference in the position of the words, invisible to the naked 
eye, becomes immediately obvious, as above mentioned, by an 
apparent projection out of the plane of the paper. By this 
means, also, a simple and effectual method is obtained of recog- 
nizing a copy of a print or drawing as such. The publication 
of the process has, it is true, the disadvantage of putting into 
the hands of those who design to forge such copies, the means 
of testing, by the stereoscope, how closely their work resembles 
the original ; but the difficulty, even with this assistance, of pre- 
serving a resemblance bordering on identity is so great, that it 
would rather have the effect of a warning, since the hope of suc- 
ceeding in making an exact copy is rendered so remote. 

The effect of dampness on paper can be ascertained by moist- 
ening one of two proofs of the same sentence placed together in 
the stereoscope. Should there, on the contrary, be a difference 
between two proofs of the same sentence due to unequal dryness, 
they may be made to resemble by wetting both. The influence 
of temperature — on copper-plates, for instance — may be detected 
in the same manner, the stereoscope thus playing the part of 
hygrometer and thermometer. 

For the purpose above explained, either the stereoscope should 
have no bottom, so that it may be placed immediately on the 
papers to be compared, or, in the place of the four perpendicular 
dark edges of the table at the bottom, slits should be cut, through 
which long strips of the proofs to be compared may be drawn, 
and examined together piece by piece. 

If Slides I. and II. be placed at the same time in an ordinary 
Wheatstone^s mirror-stereoscope, one on the right side, the other 
on the left, the alternate projection of the repeated Unas is obvious 
and is of such a nature that the lines which in the one image 
fure those that project, are those which in the other appear de- 
pressed : the letters, however, here appear placed like type. Those 
who find a difficulty in reading letters so placed, may make use 
of a Wheatstone^s mirror-stereoscope, together with my prism- 
stereoscope with two prisms (Pogg. i(nn. vol. Ixxxiii. p. 186, No, 
4), which Moigno has called the Stereoscope a reflexion totale, 
Wheatstone the Pseudoscqpe. In order to detect the dissimilar 
parts of large plates, the Wheatstone mirror-stereoscope must be 
so adapted as to admit of plates of whatever size may be desired. 
This is easily effected by fastening the reflectors, not between 
two boards, but to a single one, and by leaving only the under 
groove for the support of the object, the upper groove being 
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omitted. For the purpose of reversing the position of the letters 
which appear placed like type^ a prism-stereoscope may^ once 
for all^ be added to a stereoscope of the above description. If 
it be required to test the identity of two sentences consisting of 
the same words set up in type^ or of two copper-plates before 
printings the stereoscope above described is applied at once to 
the plates^ which are laid side by side. In applying the mirror- 
stereoscope^ it is advisable to add two magnifying glasses. As^ 
in this manner^ means are afforded to the physicist of testing the 
equality of the distances between lines^ so also the circumstance 
that in a well-forged bank note the most striking differences 
immediately show themselves may be cited to justify the appli- 
cation of the stereoscope to the detection of false paper money. 
It will then be advisable for the Government^ if such a note be 
discovered to be forged^ to publish the result of the stereoscopic 
analysis as an infallible means of detection. If several plates 
are employed in the preparation of the genuine paper, these 
must of course be treated as distinct originals. . A copy which 
only presents the slight difference which results from the un- 
equal expansion of the paper, can by the above method be di- 
stinguished from one absolutely identical. 



LXX. On Vibrations produced by an Electric Current. 
By John Tyndall, F,R.S, 

THE last Number of the Philosophical Magazine contains an 
interesting note from Prof. Forbes on certain Vibrations 
produced by Electricity. Without knowing that Prof. Forbes 
had written anything upon the subject, I had in a former Num- 
ber of the Philosophical Magazine appended a short note to a 
paper by Mr. Gore, in whic^ I had referred the rotation observed 
in his experiment to the heat produced by the electricity. Prof. 
Forbes, if I understand him aright, considers the action due to 
a repulsive power possessed by the electric current itself, and 
considers that a similar repulsive power, on the part of a current 
of heat, explains the Trevelyan experiment. 

Were this the case, I think it will be agreed that a point 
altogether new, and of very great importance regarding both 
heat and electricity, would be established. But, as far as my 
experiments go, they do not countenance this notion. Many 
years ago. Page excited Trevelyan^s sounds by electricity ; and it 
is now, I think, nearly six years since I made the experiment 
myself before the audience of the Royal Institution. I then 
found that, by continuing the action with the voltaic current for 
a sufficient time, the vibrations were continued even after the 

Phil. Mag. S. 4. Vol. 17. No. 116. June 1859. 2 F 
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current had been tn/errup/tfc^--doubtless in oonsequence of the 
heat which the current had excited. 

The manner in which I conceive the current to act will be 
best understood if we suppose a flat rocker to rest upon two 
pointed wires^ coming alternately into contact with them as it 
oscillates. Starting the rocker by the hand^ let the current be 
estabUshed; it passes between the rocker and the wire on which 
it chances to rest at the moment the circuit is made ; encounters 
resistance^ heats the wire, and expands it ; it also produces a 
nipple on the rocker itself, which is tilted up in consequence, 
and comes into contact with the other point. The current 
passes through the new channel thus opened to it, heats and 
expands as before, the rocker being again tilted. Every time 
the rocker comes into contact with the wire, the heating agent 
is there, ready to lift it ; and thus the vibrations are rendered 
permanent. 

With regard to the method of cooling adopted by Professor 
Forbes, I should not ccuiclude that it would suspend the pheno- 
menon. The interposition of water does not materially alter the 
resistance, and cannot abstract the heat with sufficient speed to 
prevent the expansion. Everybody knows that the electric light 
can be produced under water. The experiment with the carbon 
is no more than I should expect ; for not only is the carbon lifted 
by its own expansion, due to the intense heat developed in this 
substance by electricity, but the pores of the substance are also 
charged with air and gases, which must expand under the cir- 
cumstances with almost explosive force. But I think the experi- 
ment with the bismuth, where Prof. Forbes finds that a current 
fifteen times the strength of that used with the carbon is unable 
to produce vibrations, presents a formidable obstacle to the hy- 
pothesis that the efiect is due to auy repulsive power inherent 
in the current itself. Prof. Forbes refers this anomalous result 
to a " quelling power '' possessed by the bismuth. The quelling 
power consists, I imagine, in the fact that bismuth is both a 
friable substance and has a very low melting-point. The heat 
that produces nipples on more refractory metals is sufficient to 
fuse it ; and hence its inability to produce the effect. Never- 
theless, by property arranging the strength of the current, it 
is quite easy to obtain vibrations with bismuth also. 

In support of the above opinion, I would say that energetic 
vibrations are obtained with the refractory metals, and ttie reverse 
with the fasible ones. The alloy which is technically called 
fusible metal, exercises a quelling power far superior to bismuth; 
and the want of localization of the heat at the surface, so de- 
trimental to the success of the Trevelyan experiment, is apparent 
here also in the deportment of silver. Other circumstances 
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besides the melting-point come in all probability into play; but 
it appears to me that this is the most important. 

I merely make these remarks^ so. that my views may be cor- 
rected if they are wrong ; if they are right, I may, by publishing 
them, save the time of those experimenters who might be tempted 
to seek from the subject results which it cannot give. 

Royal Institution, May 1859. 

LXXI. Notice of a New Method of causing a Vibration of the Air 
contained in ' a Tube opefi at both ends. By P. L. Rijke, 
Professor of Natural Philosophy at the University of Ley den*. 

1. nV/JTY first experiments were made with a glass tube 0*8 
-»-▼-■- metre long, having a diameter of 37 millims. at the 
top and 30 millims. at the bottom. Inside, at the distance of 
0*2 metre from the latter extremity, I had placed a disc of 
wire*gaaze, about 50 millims. in diameter, with its edges turned 
back, so that the pressure they exerted on the sides of the tube 
sufficed to keep the disc at the desired height. The gauze was 
made of iron wire of 0*2 millim. diameter, and had about 81 
meshes to the square centimetre. 

The apparatus being thus prepared, it was only necessary to 
raise the wire-gauze to a red heat by means of a spirit or hydro- 
gen lamp, and then to extinguish or remove the lamp, in order 
a few moments afterwards to produce a sound. The sound 
produced was nearly the fundamental note of the tube. It was 
loud, but only lasted for a few seconds. 

2. When, instead of a single disc, several were placed in the 
tube, the sound lasted longer. 

3, The sound ceased immediately the top of the tube was 
closed, showing that the presence of an ascending current of air 
is one of the conditions of the phsenomenon. For this reason 
the number of discs must not be excessively multiplied, so as to 
retard the motion of the air in the tube more than to a certain 
degree. 

4* The experiment is equally successful, if the disc be heated 
by means of a carbonic oxide fiame. I prepared this gas by 
acting with Nordhausen sulphuric acid upon oxalic acid. As an 
excess of precaution, I dried the gas before burning it. 

This experiment proves that the presence of vapour of water 
is not one of the necessary conditions of the phsenomenon. 

5. Tubes of dimensions different from the one described above 
might be successfully employed, but they must not be less than 
0*2 metre long. 

In order that the sound may have its maximum intensity, the 

* Communicated by the Author. 
2 P2 
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distance of the disc from the lower end of the tube should be 
one-fourth of its entire length. 

6. As to the explanation of the phaenomenon^ that^ I thinks is 
not hard to find. In warming the wire-gauze^ the temperature 
of the sides of the tube is raised also. If the lamp be then with- 
drawn^ an ascending current of air is established^ which^ passing 
through the meshes of the wire-gauze, is necessarily heated, and 
in consequence dilates. To this dilatation immediately succeeds 
a contraction, due to the cooling effect of the sides of the tube. 
It is to these successive dilatations and contractions, in my 
opinion, that we must attribute the production of the sounds the 
origin of which is in question. 

It is obvious that the presence of the heated disc alone would 
suffice to produce an ascending current of air, and that the eleva- 
tion of the temperature of the sides of the tube is rather injurious 
than otherwise to the success of the experiment. In fact, that 
which is of the greatest importance is, that the difference of tem- 
perature between the air which rises in the tube and the meshes of 
the wire-ffauze should be the greatest possibk. Several considera- 
tions support this view of the case. For instance, we have seen 
(1) that the tube only began to sound after a lapse of some 
instants from the time when the lamp wus extinguished ; now it 
is evident that, during this interval, the air warmed by the 
fiame of the lamp, as well as the products of combustion, must 
have been replaced by a column of air of a much lower tem- 
perature. If the sound onlv lasts some seconds, that is because 
the gauze is rapidly cooled by the ascending column of air ; and 
if an augmented number of discs gives an increased duration to 
the sound, that is because the presence of a greater number of 
discs, by diminishing the rapidity of the air-current, diminishes 
also the rapidity of cooling of the first disc. 

7. If the explanation I have just given is correct, it is evident 
I ought to obtain a permanent sound by raising the wire-gauze 
disc to a red heat by means of a galvanic current. The first 
experiments undertaken to verify this result were unsuccessftd. 
I had not sufficiently considered the cooling effect of the moving 
air on the wire-gauze, and the degree of intensity which the 
galvanic current should have, in order that its calorific effect 
might compensate for this refrigeration. It was only by making 
use of thirty of Grove's cells combined so as to constitute a bat- 
tery of six cells, that I had the satisfaction of obtaining a per- 
manent sound. It was so loud that it could be easily heard 
two or three rooms from the laboratory where the experiment 
was being performed. Nevertheless, the wire-gauze was not 
raised all over to a red heat. 

The number of vibrations of the sound produced was deter- 
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mined by means of a sonometer^ provided with a metallic cord^ 
tuned to a pitch of M. Marloye which gives Ut^, corresponding 
to 256 entire vibrations. The number of vibrations of the ^ound 
produced by the galvanic current^ has been found to be 226. 
The tube I made use of for this experiment was the one de- 
scribed above. The tube being cool, when a current of air is 
blown against the edge of one of its openings, a sound is obtained 
corresponding to 208 vibrations. 

8. If by any means the intensity of the galvanic current be 
gradually dimmished, a period at last comes when the sound 
ceases. It may then be immediately reproduced by introducing 
into the upper extremity of the tube another disc. This experi- 
ment succeeds whatever be the distance between this new disc 
and that traversed by the galvanic current. This reproduc- 
tion of the sound is easily explained by what we have seen 
above (6). 

9. The sound may also be reproduced, but not so as to be 
permanent, by interrupting the galvanic current, and suffering 
the tube to cool till it has acquired the temperature of the sur- 
rounding bodies. If the current be then re-established, the tube 
immediately emits a sound. This sound cotnmences loud, but at 
once begins to diminish, and finally dies out. The cooling of 
the tube is much favoured by exposing it to a current of cold air. 
This experiment also seems to me not to require explanation (6). 

10. There is also another very simple way of reproducing the 
sound, that is, by closing for some time either of the ends of the 
tube. The current of air being arrested, the temperature of the 
disc is considerably augmented. In each experiment I remarked 
that it had become red-hot throughout a considerable part of its 
extent. On opening the end of the tubd, a very loud sound is 
heard, which, however, only lasts some seconds. 

11. The sounds (8), (9), and (10) were the same as those I had 
produced before, and corresponded to 226 vibrations. 

12. M. Bosscha, oti repeating some of my experiments, has 
observed that sometimes a sound is produced the instant the 
flame of the lamp is applied to the disc. That this experiment 
may succeed, it is necessary that the flame be held at some di- 
stance from the wire-gauze disc. This sound also only lasts 
for a short time. It is nearly an octave above the fundamental 
note of the tube, and from time to time it seems to have a 
tendency to rise. 

We found in experimenting with the carbonic oxide flame, 
that when the sound was at the loudest, the flame detached 
itself from the tube from which the gas issued, and formed a 
luminous cloud below the disc, the borders of which were 
animated with a very visible trembling motion ; the distance 
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between this cloud, and the extremity of the slender tube whence 
the gas was disengaged, might be increased to 10 millims. 

13. It is evident that in the experiment of M. Bosscha, the 
production of the sound must be attributed to the cooling and 
consequent contraction of the heated gas, by the wire-gauze 
disc through which it passes. This experiment may be con- 
sidered the inverse of those that precede. 

Leyden, 27th April, 1859. 



LXXII. Chemical Notices from Foreign Journals. By E. Atkin- 
son, Ph.D., F.C.S.f Teacher of Physical Science in the Chel- 
tenham College. 

[Continued from p. 280.] 

LIMPRICHT* made the observation that carbonic acid 
passed over metallic copper at a dull red heat, Was par- 
tially reduced to carbonic oxide, and that hence the usual me- 
thods of analysing nitrogenous substances in which the use of 
metallic copper was involved, were liable to error. This obser- 
vation led to some experiments by Lautemannf, who confirms 
the statement as far as concerns the use of the porous spongy 
copper obtained by reducing granulated oxide of copper. In 
one case he found that when carbonic acid was passed over a 
layer of granulated oxide of copper 30 centims. long, about 1| 
per cent, was reduced to carbonic oxide. But the use of freshly- 
reduced copper turnings is not liable to this error. In a special 
case, with a layer the same in length as in the previous case, the 
amount of carbonic oxide formed was only 0*05 per cent, of the 
carbonic acid passed over — an amount which may safely be 
neglected. The error may also be obviated by placing a layer 
of oxide of copper in front of the metallic copper. 

In connexion with this subject, Perrotf found that pure cop- 
per turnings do not decompose carbonic acid; but if the copper 
be not quite pure, and contains iron or zinc, part of the car- 
bonic acid is reduced with formation of carbonic oxide. 

In a communication on chlorous acid, Schiel& states that by 
observing a few precautions its preparation may be effected with- 
out danger, and almost as conveniently as that of chlorine. The 
method he uses is that of Millon ; and the proportions are 2 parts 
chlorate of potash, 3 parts nitric acid of 1*30 sp. gr., 0*6 to 0*8 
parts cane-sugar, and 3 to 4 parts of water. It is necessary that 
the chlorate of potash and the nitric acid be pure, although the 

* Liebig's Annalen, October 1858. t Ibid. March 1859. 

X Ibid. March 1859. § Ibid. February 1868, and March 1859. 
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presence of a trace of sulphuric acid in the latter is not injurious. 
The mixture is heated in the water-bath at a temperature of 
about 60^ C. ; and the flasks are filled^ so that when the expan- 
sion has taken place the neck is about half full. By this method 
Schiel has prepared the acid on a scale twenty times as large as 
that indicated in the books. 

Water absorbs ten or twelve times its volume of chlorous acid ; 
the solution is of a deep yellowish-red colour, and may be kept 
for some time without decomposition. It is very valuable as a 
deodorizer and disinfectant; its oxidizing power, as compared 
with that of chlorine, is as 4 : 1 ; it dissolves amorphous phos- 
phorus almost instantaneously. The most interesting salt is the 
chlorite of lead, PbO ClO^; this is prepared by jiearly neutralizing 
a solution of the acid with milk of lime, filtering, precipitating 
the filtrate while warm with nitrate of lead, and washing out the 
filtrate with distilled water. Mixed with sulphur and exposed 
to Miction, it explodes : it is also remarkable for exploding at the 
temperature of boiling water. Under certain circumstances it 
combines with chloride of lead to a double salt of the com- 
position 2PbOC10^ PbCl, which forms pale yellow acicular 
crystals. Chlorous acid seems to exercise a curious action on 
organic substances, more especially on urea, albumen, and uric 
acid ; with the study of these the author is engaged^ 

In continuation of his investigations into the equivalent 
weights of the elements, Dumas* has pointed out further in- 
teresting relations. 

Among the substances investigated, twenty-two have equi- 
valents which are exact multiples by whole numbers of that of 
hydrogen taken as unity : — oxygen, 8 ; sulphur, 16 ; selenium, 
40; tellurium, 64; nitrogen, 14; phosphorus, 81 ; arsenic, 75 ; 
antimony, 122; bismuth, 214; fluorine, 19; bromine, 80; 
iodine, 127; carbon, 6; silicon, 14; molybdenum, 48; tung- 
sten, 92 ; lithium, 7 ; sodium, 28 ; calcium, 20 ; iron, 28 ; cad- 
mium, 56 ; tin, 59. 

Seven have equivalents which are multiples of half the equi- 
valent of hydrogen : — chlorine, 85*5 ; magnesium, 12*6 ; man- 
ganese, 27*5 ; barium, 68*5 ; nickel, 29*5 ; cobalt, 29*5 ; lead, 
103-5. 

Three have equivalents which are multiples of a quarter the 
equivalent of hydrogen: — aluminium, 13*75; strontium, 43*75 ; 
zinc, 32-75. 

The result of all experiments to revise the equivalents has 
been to approximate the numbers more and more closely to 
those given in the Tables. 

♦ Liebig's il»wflf/en, December 1868. Comptes Rendus, vol. xlvi. p. 961. 
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Among the relations which exist among these numbers^ the 
following is remarkable : — 

N 14 P 31 As 75 Sb 122 

Fl 19 CI 35-5 Br 80 I 127. 

It will be observed that the equivalents of nitrogen and anti- 
mony show the same difference (108) as those of fiaorine and 
iodine : the equivalents of nitrogen and arsenic show the same 
difference (61) as those of fluorine and bromine. The equivalents 
of the lower horizontal line are all greater by 5 than those of the 
upper^ with the exception of those of phosphorus and chlorine, 
where the difference is 4*5. Dumas made many experiments to 
discover a possible source of error in previous determinations of 
the equivalent of phosphorus,; but the result was in all cases to 
confirm the number (31) obtained by Schrotter, 

In a subsequent paper, Dumas* continues his discussion of the 
relations between the equivalents of certain natural families of 
the elements, and also points out that the same obtains in the 
comparison of compound radicals. Thus in the following two 
series, 

Mg 12-25 Ca20 Sr 4875 Ba 685 Pb 1035 
8 S 16 Se40 Te 64 Os 995 

the common difference is nearly 4. In the two series 

NH* 18 NH8.C«H« 32 NH^.C^H^ 46 NH^.C^IF 60 
C«H3 15 C^H^ 29 C^W 43 C^H^ 57 

the common difference is 3. 

He enters into lengthened considerations as to how far che- 
mical elements are to be considered as really simple, or merely 
as being undecomposable, the result of which may be thus stated. 
The decomposition of substances existing in the three kingdoms 
of nature leads to the knowledge of certain radicals^ which may 
be arranged in certain natural families. The families, not only 
of the organic (decomposable), but also of the inorganic (unde- 
composable) radicals exhibit undeniable analogies. With the 
means at present at our command, the inorganic radicals cannot 
further be decomposed, even if they are at all decomposable. 
But from their analogies with the decomposable radicals, it is 
still an open question whether they are not also decomposable. 

In an analysis of a meteoric stone which fell at Kaba in Hun- 
gary, Wohler t made the interesting observation that it contained 

* Comptes Rendus, vol. xlvii. p. 1026. Licbig's Annalen, March 1869. 
t Liebig*s Annalen, March 1869. 
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a substance of oi^anic origin. The stone had the usual compo- 
sition of a meteorite, but contained in addition a certain quan- 
tity of free carbon, and, further, a small quantity of a carbona- 
ceous, readily fusible, and partisJly volatile substance, soluble in 
alcohol. This substance had most analogy with the fossil waxes, 
as ozokerite ; but the quantity was too small to permit of a quan- 
titative investigation. 

Kawalier obtained in 1852, from the leaves of the Arbutus, a 
crystalline bitter principle which he named arbutine. He 
ascribed to it the formula C^ H'* 0'^ ; lie found that under the 
influence of emulsine it was resolved into grape-sugar and an- 
other crystallizable substance, arctuvine. This substance has 
recently been examined by Strecker*^ who assigns to it another 
formula, and shows that the arctuvine of Kawalier is identical 
with hydrochinone obtained by Wohler from kinic acid. When 
arbutine is boiled with dilute sulphuric acid, it is resolved into 
grape-sugar and hydrochinone. The latter substance is obtained 
by agitating with ether the acid aqueous solution in which it is 
formed; on evaporation, the etherial solution deposits hydro- 
chinone in colourless crystals which are soluble in alcohol and 
water. Its physical properties, composition, and decompositions 
leave no doubt as to its identity with the substance discovered 
by Wohler. 

Strecker expresses the formula of arbutine by C** H'^ 0** ; its 
resolution into hydrochinone and grape-sugar takes place in 
accordance with the equation 

Arbutine. Hydrochinone. Glucose. 

Arbutine thus corresponds to salicine, which under similar 
circumstances experiences an analogous change. 

C«H»«0>*+2H0=C^4H804+C»«Hi«0>«. 

Salicine. Sahgenine. Glucose. 

Since salicine and arbutine, as well as saligenine and hydro- 
chinone, only differ by C H*, it may be asked whether they are 
not homologous. A great similarity is evident in the two series. 



Arbutine .... C»^H>»0" 

Hvdrochinone . . . C*»H« O* 

Chlorhydrochinone . C"H»C10^ 

Chinone . . . . C»«H<0* 

Chlorochinone. . . Ci«H»C10^ 



SaUcine . . . C^H^O" 
Saligenine . . . C"H« O* 
Chlorsaligenine . C"H'C10< 
Hydrideofsalicyle. C"H»CM 
Chlorosalicylous acid C" H** CIO* 



At the same time the analogy between these two groups is 
not quite so complete as might be expected from true homo- 
logues. Thus chinone and hydride of salicyle are very different 
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in their properties^ although they «re formed under »mil^ eir- 
cumstanees from hydroehinone and saligenine^ whieh eorrespoud 
to each other. 

Under the influence of various reagents — oxygen, chlorine, 
nitric acid — arbutine undergoes a series of very interesting 
changes, with the investigation of which Strecker is still en- 
gaged, and the results of which will doubtless throw great light 
on the constitution of this substance. 

Zwenger* has published a preliminary notice of an investiga- 
tion of solanine, which has already yielded some very interesting 
results. 

Solanine, a peculiar alkaloid found in many species of solarium^ 
is a feeble base, with scarcely any alkaline reaction, and the salts 
of which are readily decomposed. In this respect it resembles 
narcotine. When solanine is boiled witli dilute hydrochloric or 
sulphuric acid, the liquid becomes turbid, and crystals separate, 
the quantity of which gradually increases. Tliis crystalline pre- 
cipitate is a compound of the acid used with a iiewly-formed 
base, which Zwenger calls aoiamdine. Its salts are not very 
scduble in water,- by recrystallization from absolute alcohol t]^y 
may be obtained in good crystals The alcoholic solutions of 
salts of the base give with ammonia a gelatinous precipitate 
of the base, which is not soluble in water, but is readily so in 
alcohol and ether, from which it may easily be crystallised. The 
crystals may be sublimed without decomposition. It has a 
strongly alkaline reaction, neutralizes acids, and gives a crystal- 
line double salt with bichloride of platinum. It imparts to sul- 
phuric add an intense red colour. The most unexpected part 
of the reaction is, that the product formed at the same time is 
grape-sugar. The solution from which the sulphate of solani- 
dine is deposited was decomposed by baryta, and the sulphate of 
baryta filtered off. The filtrate contained grape-sugar with a 
trace of solanidine, which imparted to it a bitter taste; but by 
repeated evaporations to dryness and extraction with water, the 
solanidine was got rid of, and the aqueous solution, evapoiiEited 
to a syrup, deposited crystals which had all the charaoterisfeic 
properties of grs^e-sugar. They were found to reduce oxide of 
copper, and, mixed with yeast, underwent the alcoholic fermen- 
tation. 

Inasmuch as, besides the new base and grape-sugar, the ttfeta- 
morphosis of solanine yields no other products, it must be 
regarded as belonging to the class of glucosides— ^as beiiig, in 
fact, a hydrate of carbon copulated with solanidine. And this 
reaction is specially interesting as affording the first instance of 

* Liebig's Annalen, February 1869. 

Digitized by VjOOQIC 



MM. Greather and Wanklyn on Sodium-alcohol. ASHJ 

a base thus copulated^ although probably investigatioiiB under- 
taken in this directicm will reveal the existence of others. 

According to Geuther*^ when sodium-alcohol is heated to the 
temperature of boiling water in dry carbonic oxide gas^ an ab- 
sorption takes place^ and the sodium-alcohol is converted into a 
white^ solidj crystalline mass. The experiment was undertaken 
in the expectation that it would lead to the formation of pro- 
pionic acid^ 

C*H*NaO« + 2CO=C«H*NaO^. 
Sodium-alcohol. Propioaate of soda. 

An acid was indeed formed ; but it was formic^ and not propionic 
acid. From this Geuther concludes that sodium-alcohol is changed 
by carbonic oxide into olefiant gas, C"* H^, and hydrate of soda^ 
NaO HO ; and that the formic acid arose from the action of the 
carbonic oxide on the latter. Geuther was not able to detect 
the olefiant gas formed. 

Wanklyn t also eixamined this reaction. He founds when pure 
sodium-alcohol was heated in closed vessels in carbonic oxide 
and afterwards opened over mercury, that only about one*fifth 
of the gas was absorbed. This contraction arose partly from 
the difference between the temperature of tiie flask at the time 
it was sealed, and that at which the eontraotkm was observed, 
and partly from the absorption of the carbonic oxide by the hy- 
drate of soda always contained in sodium-alcohol. By a careful 
analysis of the residual gas, Wanklyn found that it contained no 
trace of olefiant gas, and hence he concludes that the forxoiic m\A 
produced in Geuther^s experiment must have arison from the hy- 
drate of soda contained in the sodium-alcohol used. 

In continuing his researches on glycol, Wurtz has obtained a 
body which he considers to be the true ether of glycol. When 
glycol, saturated with hydrochloric acid gas, is heated for some 
time in a closed vessel, combination takes place with the elimi- 
nation of water, and formation of a neutral chlorinated body 
which is a kind of ether, 

C4H604+HCl=C4H5C10«-fH«0«, 

Glycol. New body. 

:Thi8 Wurtz names monohydrochloric glycol. It is a colourless, 
neutral, soluble liquid, boiling at 138° C. When this substance 
is treated with potash, it is decomposed with formation of chlo- 
ride of potassium, and a gas, or rather vapour, which is inflam- 
mable and burns like olefiant gas. This is the oxide of ethylene, 

* Liebig's Annaleny January 1869. t Ibid. April 1869. 
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C* H* 0*. Its formation may be thus expressed : — 
C4H*C10«+K0=C4H^0«+KC1. 

Monohydrochloric Oxide of 

glycol. ethylene. 

The formula was determined both by analysis and from its 
vapour-density^ which agrees with the calculated numbers. It 
is isomeric with aldehyde^ with which it has many points of 
resemblance and also of difference. It boils at 13°'5. Aldehyde 
boils at 21°. Like aldehyde, it forms definite crystalline com- 
pounds with alkaline bisulphite; but^ unlike aldehyde, it does 
not form with ammoniacal ether the crystalline etherial com- 
pound characteristic of aldehyde *. Pentachloride of phosphorus 
acts upon it, forming chloride of ethylene, and oxychloride of 
phosphorus. 

By treating propyle-glycol with hydrochloric acid, and then 
with potash, Wurtz obtained the oxide of propylene, C^* H® 0^ 
isomeric with propylic aldehyde, and with acetone. 

The relations between the formulae of aldehyde and of glycol 
may be thus written : — 

Aldehyde. Oxide of ethylene. 

Wurtz considers the bodies here described to be the true 
ethers of glycol; for they yield the chlorides, and from the chlo- 
rides the glycols themselves, while from the aldehydes the gly- 
cols cannot be prepared. It is true that the glycols, by treat- 
ment with dehydrating agents, yield aldehydes ; but in this case 
the reaction is very violent, and it is possible that the product 
at first formed passes into aldehyde by a molecular trans- 
formation. 

M. Borodinet examined the action of iodide of ethyle on hy- 
drobenzamide and on amarine, in the expectation of obtaining 
a clue to the constitution of these isomeric bodies. The prin- 
cipal product of the action of iodide of ethyle on the former 
substance is an oily body, which, when treated by oxide of lead, 
and purified by animal charcoal, is ultimately obtained in the form 

* An analogous relation is found to exist between butyral and butyral- 
dehyde. The former, which occars among the products of the destructive 
distillation of butyrate of lime, boils at 95^ C. It has the formula of bu- 
tyric aldehyde, Cf^'H^O', and has all the properties of an aldehyde, with 
the exception of that of forming a crystalline compound with ammonia. 
Butyraldehyde, which is formed by the oxidation of certain animal sub- 
stances, and boils at 68° to 7^^ C, appears to be the true aldehyde, for 
it forms the compound with ammonia. — E. A. 

t Liebig's Annalen, April 1859* 
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of a soft viscous substance^ readily soluble in alcohol^ but scarcely 
so in water. It has strongly basic properties^ and forms salts^ 
which^ however, do not crystallize. Analysis gave for this body 
the formula C*^ H*® N* 0*. Borodine views it as an ammonium- 
base — ^as being derived from a double atom of oxide of ammo- 
nium, in which 6 atoms of hydrogen have been replaced by 
8 equivs. of the biatomic group C** H^, and the other two by 
2 equivs. of ethyle. 

NHn 



N. 
N. 


C"H«" 
C"H«" 




iC< Hs 



He views hydrobenzamide as a doable atom of ammonia, in 
ogen is ' ' " ^ 

rc"] 

group C"H«. N«JC"H6". 



^ — — / 

whicb all the hydrogen is replaced by 8 eqnivs. of the biatomic 



Amarine, treated with iodide of ethyle, furnishes, besides hy- 
driodate of amarine, the hydriodic acid compound of a base, 
diethylamarine. The action is thus : — 

2(C42H^8N«) + 2C*Hsi=C4«Hi8N«HI + C**Hi6(C4H5)«N«, HI 
Amarine. Iodide of Hydriodate of Hydnodate of 

ethyle. amarine. diethylamarine. 

The hydriodate of diethylamarine crystallizes well. By treat- 
ment with potash it is decomposed into iodide of potassium and 
the base diethylamarine, C^* H^®(C* H*)N*, a substance crystal- 
lizing in acute rhombic prisms. The sulphate and nitrate of 
diethylamarine do not crystallize. By treating diethylamarine 
with iodide of ethyle, the hydriodic compound of another base is 
obtained, whose alcoholic solution, treated by oxide of silyer, 
yields iodide of silver, and the free base which may be obtained 
in rhombic prisms. This base, again treated by iodide of ethyle, 
yields further substitution-products. Amarine is regarded as 
containing 3 equivs. of replaceable hydrogen. He considers it 
as derived from a molecule of ammonia in which an equiva- 
lent of hydrogen is replaced by a substituted ammonium, as 

fN(Ci*H«)8H 
N -< H ; and this would explain why 2 atoms of 

hydrogen are more easily replaced than the third. 

The view of the constitution of hydrobenzamide above given 
finds a support in a recent experiment by Engelhardt*. He 

* Liebig's Annalen, April 1869. 
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found that chl(»obenzole^ C^^ H^' CI*, which is oommonly re- 
garded as the chloride of the biatomic radical C^^H^, when 
digested for some months with aqueous ammonia, is converted 
into hydrobenzamide^ the formation of which would be thus 
expressed : — 

8(Ci4 H6" Cl«) + 8NHs= N«(Ci4 H«")« -f 6NH* CI. 
Chlorobenzole. Hydrobeazamide. 

Hamitzki* examined the action of phosgene gas on aldehyde. 
When vapours of aldehyde are brought in contact with phosgene 
gas, a brisk action is set up, with disengagement of hydrochloric 
acid^ and formation of a volatile product whose vapours condense 
to a liquid, which can be obtained in crystalline lamellae, melts 
at 0^, and boils at about 45^. The analytical results, confirmed 
by a vapour-density determination, lead to the formula C*H*€L 
Its formation would be thus expressed : — 

C4H^0HC«0*C12=C4H3C1 + HC1+2C0«. 

Aldehyde. Chlorocar- New body, 
bonic add. 

The new substance, which is named chloracetene, is isomeric 
with chloride of vinyle, or chlorinated ethylene ; and their vapour 
densities are also identical. But in their physical properties the 
two substances differ materially, and more especially in their 
action upon water. When chloracetene is placed in water, it 
assumes a buttery consistence, and then dissolves with decom- 
position, forming hydrochloric acid and aldehyde, 

C*H8C1 + 2H0=C^H4 0«+HC1. 

Chloracetene. Aldehyde. 



LXXIII. Notices respecting New Books. 

A Treatise on Differential Equations. By Georgb Boolb, F.R.S., 
Professor of Mathematics in the Queen* s University, Ireland, Hono- 
rary Member of the Cambridge Philosophical Society. Cambridge : 
Macmillan and Co. 1859. 

I)ROFESSOR BOOLE has long been known in the matiiematicftl 
^ woild as one of the most original and profound analysts of the 
present century. On the subject of differential equations, in parti- 
cular, his researches (printed in the Philosophical Transactions, 
Philosophical Magazine, Cambridge Mathematical Journal, &c.) 
have been of the highest order, and have contributed very greatly to 
the extension of the science. He has now condescended to the task 
of writing an elementary treatise on his favourite subject ; but, as 

* R^ertoire de Chimie, March 1859. 
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might have heen expected from such an author, this " Elementary " 
work abounds in matter which could only have been produced by a 
mathematician of the highest rank. The nature of the book is clearly 
stated in the Preface: — "I have endeavoured, in the following 
Treatise, to convey as complete an account of the present state of 
knowledge on the subject of differential equations as was consistent 
with the idea of a work intended primarily for elementary instruc- 
tion. It was my object, fbrst of all, to meet the wants of those who 
had no previous acquaintance with the subject ; but I also desired 
not quite to disappoint others who might seek for more advanced 
information. These distinct, but not inconsistent aims determined 
the plan of composition. The earlier sections of each chapter con- 
tain that kind of matter which hajs usually been thought suitable for 
the beginner, while the latter ones are devoted either to an account 
of reoent discovery, or to the discussion of such deeper questions of 
principle as are likely to present themselves to the reflective student 
in connexion with the methods and processes of his previous course." 
We should have been glad if Professor Boole had entered more 
fully into the difficulties which occur in the application of what are 
called " Symbolical " methods, and especially in Partial Differential 
Equations. Considering the very important place held by equations 
of this class in physical inquiries (those of sound and light, for in- 
stance) ; considering, moreover, that in the application of symbolical 
methods to the solution of these equations we meet with some of 
the most interesting and instructive views of the real nature of these 
methods, — we cannot but regret that more space has not been devoted 
to this part of the subject by one who is so well qualified to handle 
it. We would suggest to the author the publication of a supple- 
mentary volume appropriated to '* Symbolical Methods " alone, and 
going fully into the difficulties connected with their application ; 
not that we expect a complete solution of all such difficulties even 
from Professor Boole, but because we feel certain that their collec- 
tion and comparison would bring into notice their mutual depend- 
ence, and diminish the apparent number of obstacles to be overcome, 
though unable to conquer them all. In the meanwhile we thank the 
author most sincerely for placing in the hands of students and teach* 
ers a treatise so incomparably superior to that of * Hymers,' or any 
other elementary book on the same subject with wluch we are ac- 
quainted. 

In a future edition the author will doubtless correct a number of 
errata which occur in the solutions to the ' Examples ; ' but to pre- 
vent any embarrassment to students who read the book without a 
tutor, it would be well to supply a list of these errata to purchasers 
of the present edition. 
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LXXIV. Proceedings of Learned Societies. 

BOTAL SOCIETY. 

[Continued from p. 372.] 

January 13, 1859. — Sir Benjamin C. Brodie, Bart.^ President^ in 
the Chair. 

THHE following communications were read : — 
-■■ ''On the Embryogeny of Coma^u/a i{o«acea(Linck)." By 
Prof. Wyville Thomson. 

'' On the Stratifications in Electrical Discharges, as observed in 
Torricellian and other Vacua." — Second Communication. By J. P. 
Gassiot, Esq., V.P.R.S. 

The author of this Paper states that he procured several vacuum- 
tubes from M. Geissler of Bonn, and alludes to the experiments 
made in similarly constructed tubes by M. Plucker (Phil. Mag. 
August 1858), but finding it impracticable to ascertain with accu- 
racy the nature of the residual gas, he reluctantly laid them aside. 
All the vacuum-tubes in which his experiments were made, were 
prepared by himself or in his presence ; as each was exhausted and 
hermetically sealed^ it was marked with a consecutive number ; up- 
wards of 100 were thus prepared; many were broken or otherwise 
destroyed, but the remainder he retains with the original numbers 
for friture reference. The author uses several terms, which he ex- 
plains : air, hydrogen, oxygen, or nitrogen (mercurial) denote that 
the vacuum-tube contains vapour of mercury plus the air or gas 
remaining in the tube with which it was filled previous to the in- 
troduction of the mercury : he applies the terms outer positive or 
negative, and inner positive or negative, to denote the character of 
the discharge from the terminals ; conductive and reciprocating de- 
note the peculiar conditions of discharges from an induction appa- 
ratus when taken in vacuum-tubes ; with a conductive discharge the 
needle of a galvanometer placed in the circuit will be deflected, as 
are also the stratifications on the approach of a magnet — ^they having, 
as the author has shown in his former communication, a tendency to 
rotate as a whole round either pole, but in contrary directions ; in a 
reciprocating discharge the stratifications are confused, they are 
divided or separated by the magnet, and the needle of a galvanometer 
placed in the circuit is not deflected. 

The author explains the condition which the stratified discharge 
assumes if any air or gas remains or is subsequently introduced into 
a Torricellian vacuum, and describes what he denominates a white 
and a blue tongue discharge, which under certain conditions always 
appears at the negative terminal. In Torricellian vacua, if air or 
nitrogen is introduced, the stratifications, exclusive of their altered 
form, exhibit a red colour, while when hydrogen or oxygen is added, 
they retain the bluish-grey appearance : when the ends of the tubes 
were punctured by means of an electrical spark from a machine, the 
air or gas could be admitted so gradually as to occupy two or three 
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hours in the experiment, and in this manner the preceding results 
were obtained. 

In the best Torricellian vacua the author has been able to obtain, 
the stratifications always assumed a long cloud-like appearance ; by 
using ten cells, he on one occasion observed distinct sets of stratifi* 
cations, one from each terminal, in opposite directions. 

From a variety of experiments made in the laboratory of the 
Royal Institution in temperatures varying from —102° to upwards of 
+ 600° Fahr., he obtained the following results : — 

"When the fiame of a spirit-lamp is applied to the discharge in a 
vacuum-tube, the stratifications, if they are narrow, will become clearer 
and divided, attaching themselves to the warmer portion of the tube ; 
if a section of the tube is heated, the stratifications in that section 
will be more separated, becoming closer in the cooler portion. 

If heat is applied to a tube which shows the cloud-like stratifica- 
tions, they will lose their clear distinctness ; the deposit from the 
negative wire appears to be more free, and distinct sparks or dis- 
charges are apparent, but none from the positive. 

In a Torricellian vacuum from which the mercury was withdrawn, 
which gave clear cloud-like stratifications, no change could be ob- 
served when the temperature was lowered to +32° Fahr. ; at a tempe- 
rature of —102°, all trace of the stratified discharge was destroyed, 
and in this state the red or heated appearance of the negative wire 
disappeared, the discharge filling the entire vacuum with a white 
luminous glow ; on the temperature being raised the stratifications 
reappear. When the mercury in a Torricellian vacuum is boiled, 
indicating a heat of upwards of -f- 600°, the stratifications are also 
destroyed ; but in this case the mercury as it condenses carries the 
discharge, becoming a conductor. 

When the mercury is frozen the stratifications disappear, and the 
discharge did not then illuminate the entire length of the tube ; on 
presenting a magnet near the tube, the cloud-like stratifications im- 
mediately reappear from the positive terminal, very distinct, but not 
so clearly separated as when the tube is in its normal state of tem- 
perature. 

The author being desirous to obtain vacua free from all trace of the 
vapour of mercury, endeavoured to do so by means of fusible metal, 
but traces of air were perceptible ; he also prepared apparatus for a 
tin vacuum : in a vacuum obtained by means of oxygen and sodium, 
very good stratifications were observable. At the suggestion and 
with the assistance of Dr. Frankland, vacua were obtained by ab- 
sorbing rarefied carbonic acid by means of caustic potassa. This 
process is described, and a drawing of the apparatus is given. 

In carbonic acid vacua the discharge at first appears in the form 
of a wavy line ; it is strongly affected on the approach of a magnet 
or by the hand, but does not generally present the stratified ap- 
pearance ; if this be present, it is only near the positive terminal : 
sometimes in the course of a few minutes, but often not until after 
several days, stratifications are visible, wliich, as the carbonic acid 
becomes absorbed, increase ; they subsequently assume a conical 

Phil. Mag. S. 4. Vol. 17. No. 116, June 1859. 2 G 
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(ona, and laatlyi tbe dear cloud-like dwracter of tb» beat Tomoel« 
Han yacna. Under certain conditions the stratifications disappear* iha 
whole length of the tube being filled with luuiindflity ; when m fliis 
state, if the outside of the tube is touehed, pungent iparki cam be 
perceived ^th of an inch in length, and the peculiar blue phcNh 
phorescent light, that in the ordinary state is p«roeptible at the 
negative, is perceptible at both tenninals, and a galvanometer shows 
tiiat the discharge is no longer conductive* 

After noticing the difficulty pf obtaining in carbonic add vaeuum- 
tubes precisely the same results, the author describes one expmment 
in which moisture was purposely introduced ; in this tube the strati" 
fied discharge was very clear and distinct, He states (and describea 
the illustrative experiment) that under certain oonditbns tiie stratifi* 
cations entirely disappear, the vacuum insulating the dkcharge. 
Carbonic add vacuum-tubes were pr^Mured, into which eartenimia 
acidj, iodine^ bromine^ pentachlarid^ of emtimmitf, Uehloride and 
bmilphid0 of carbon were severally introdueed, and the results qIn 
tained are described. 

In Tonricellian vacua the author was necessarily limHed in the 
size of the glass vessels employed, but with carbonic add this diA» 
culty no longer exists ; in one vessel of 7 indies internal diameter, 
the stratified discharge was observed to fill the ^tire spaoe ; in 
another, the discharges were made to pass in the middle of the yemA 
through a small hole in the cmitre of a glass diaphragm. 

After many trials, the author ascertained that if tbe negative te^i 
minal is covered with glass tubing (open at each end) to about ^tii 
of an inch beyond the terminal of the mre, the stratificationa are 
destroyed. In this state the negative disdiarge appears to issBa 
with considerable force through the orifice ; this discharge ean bo 
deflected by the magnet, and wherever it impinges, a bii&ant Uue 
phosphorescent spot is perceivable, which spot is in a short timo 
sensibly heated. The author remarks that in this experiment there 
is tbe appearance qf a direction of a Jbr^e ermmain^ from iht 
negative. 

In some of the vacuum-tubes beyond tbe clear cloud-like stratifies 
tionsj, but nearer the n^ative terminal, several faint striae em be 
obtained : on repeating Mr, Grove's experiment (Phil. Mag. July 
1858), of allowing the discharge to pass between two metaUie points 
attached to the coil, the author observed that these laiul rtrue «§• 
variably disappeared. 

Stratifications remarkably sensitive to induction (m tbe i^roadi 
of the hand were obtained in a glass cylinder of about 4^ inches Sm^ 
meter, in which the wires were hermetically sealed 21 iiMshes iqaarl. 

From tbe absorption of carbonic acid by caustic potasaa, not only 
were vacua obtained far more perfect than by the Torricellian methodl, 
but tbe process can be made so gradual as to oeeupy several 
weeks, or even months, thus enabling the experimenter to eimnwis 
the phenomena of the stratified discharge under a variety of eoife 
ditions, several of which the authcu* describes ; in thifi^ mannet Am 
non-trantf^rring condition for the electrical iMechmtpc m « wmtmm 
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has beenl experimentatty ascertained. The author considers that 
this confirms the opinion he ventured to offer in his prerious 
paper; for if the pulsations or vibradons of an electrical discharge are 
greatest in the bright bands and least in the obscure, this system of 
interference or of pulsations would also account for the entire absence 
of stratifications when the air or gas is not sufficiently rarefied, as 
well as when the vacuum beeomes nearly perfect, while the gradual 
change of narrow to cloud-like stratifications is thus satisfactorily 
expliUQed* 

In an additional note to his Paper, the author describes some 
further experiments, particularly one of moving the vacuum-tube to 
and fro in a rapid manner, or rotating it in a plane, while the dis- 
charges are made, either singly or continuously : in the latter case the 
stratified discharges are separated, giving the appearance of an illumi- 
nated fan or wheel ; in the former, only a single discharge is per- 
ceptible, taking place in whatever direction the tube may at the 
instant be placed. The author considers this experiment as con- 
firmatory of his former opinion, that the stratifications are entirely 
due to a single disruption of the primary circuit. 

January 20. — Sir Benjamin C. Brodie, Bart«, President, in the Chair. 

The following communications were read :— 

" Second Note on Ozone/* By Thomas Andrews, M.D., F.R.8*, 
and P. 6. Tait, M.A., F.C.P.S. 

Since the publication of their " Note on the Density of Oaone'* 
(Philosophical Magazme for Feb. 1858, p. 146), the authors have 
been occupied with an extended investigation into the nature ai^ 
properties of that body. The inquiry having proved more protracted 
than they anticipated, they have thought it proper to send to the 
Royal Society a brief notice of some of the more important facts 
which they have already observed, reserving a description of the 
methods employed, and of the details of the experiments, for a 
ftitnre communication. 

The commonly received statement, that the whole of a given 
volume of dry oxygen gas contained alone in an hermetically sealed 
tube can be converted into ozone by the passage of electrical sparks^ 
is erroneous. In repeated trials, with tubes of every form and mOf 
the authors found that not more than -^^ part of the oxygen 
could thus be changed into ozone. A greater effect was, it is true, 
produced by the silent discharge between fine platina points ; but 
this also had its limit. In order to carry on the process, it is neces- 
sary to introduce into the apparatus some substance, such as a 
solution of iodide of potassium, which has the property of taking 
up, in the form of oxygen, the ozone as it is produced. After many 
trials, an apparatus was contrived in the form of a double U, having 
a solution of iodide of potassium in one end, and a column of frag- 
ments of fused chloride of calcium interposed between this solution 
and the part of the tube where the electrical discharge was passed. 
The chloride of calcium allowed the ozone to pass, but arrested the 
vapour of water ; so that, while the discharge always took place in 
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dry oxygen, the ozone was gradually absorbed. The experiment is 
not yet finished/ but already one-fourth of the gas in a tube of the 
capacity of 10 cubic centimetres has disappeared. To produce this 
effect, the discharge from a machine in excellent order has been 
passed through the tube for twenty-four hours. 

When oxygen is thus converted into ozone, a diminution of volume 
takes place. The greatest contraction occurs with the silent discharge, 
and amounts to about -^^ of the volume of the gas. The passage 
of sparks has less effect than the silent discharge, and will even 
destroy a part of the contraction obtained by means of the latter. 
If the apparatus be exposed for a short time to the temperature of 
250^ C, so as to destroy the ozone, it will be found that the gas on 
cooling has recovered exactly its original volume. This observation 
proves, unequivocally, that if ozone be oxygen in an allotropic con- 
dition, its density is greater than that of oxygen. Experiments still 
in progress indicate that the density of ozone obtained by the elec- 
trical discharge must, on the above assumption, be represented by 
even a higher number than that deduced by the authors from their 
experiments on ozone prepared by electrolysis. 

When mercury is brought into contact with dry oxygen, in which 
ozone has been formed by the electrical discharge, it loses to a great 
extent its mobility, and may be made to cover the interior of the 
tube with a fine reflecting surface resembling that of an ordinary 
mirror. It is remarkable that this great change in the state of the 
mercury is not accompanied by any further diminution of the volume 
of the gas. The apparatus employed by the authors would have 
enabled them to estimate with certainty a change of volume amount- 
ing to TrfrDTT P^* o^ *^^ whole. On the contrary, on allowing 
the apparatus to stand, the gas begins slowly to expand ; and in 
thirty hours, when the ozone reactions have disappeared, the expan- 
sion amounts to a little more than one half of the contraction which 
had previously taken place. 

Dry silver, in the state both of leaf and of filings, has the property 
of entirely destroying ozone, whether prepared by electrolysis or by 
the electrical machine. If a stream of electrolytic ozone be passed over 
silver leaf or filings contained in a tube, the metal becomes altered 
in appearance where the gas comes first into contact with it ; but no 
appreciable increase of weight takes place, however long the experi- 
ment may be continued. The volumetric results are similar to those 
already described in the case of mercury. 

Arsenic also destroys dry ozone, but, as it likewise combines with 
dry oxygen, its separate action on ozone cannot be observed with 
precision. 

Most of the other metals examined, such as gold, platina, iron, 
zinc, tin, &c., are without action on dry ozone. 

Iodine, brought into contact with oxygen contracted by the elec- 
tric discharge, instantly destroys the ozone reactions, and a yellowish 
solid is formed : no change of volume accompanies this action. 

Peroxide of manganese and oxide of copper have, it is well known, 
the property of destroying ozone, apparently without limit. The 
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authors have found that these oxides undergo no sensible increase of 
weight, even after the destruction of 50 or 60 milligrammes of ozone. 
The same oxides, when brought into contact with oxygen contracted 
by the spark, restore it to nearly its original volume. 

Hydrogen gas, purified with care, and perfectly dry, was not 
changed in volume by the action either of the electrical spark, or of 
the silent discharge. 

A similar negative result was^obtained with nitrogen and the silent 
discharge ; but with the spark a very slight alteration of volume 
appeared to occur, the cause of which is still under investigation. 

In the experiments now described, the electrical sparks and dis- 
charge were always obtained from the common friction-machine. 
The discharge from the induction coil, even when passed through two 
Leyden jars, produces very insignificant ozone effects. The heat 
which always accompanies this discharge, and its comparatively feeble 
tension, sufficiently explain its want of energy. 

All the results recently obtained by the authors fully confirm the 
former experiments of one of them*, that in no case is water pro- 
duced by the destruction of ozone, whether prepared by electrolysis 
or by the electrical discharge. They reserve any further expression 
of their views as to the true relations which exist between ozone and 
oxjrgen, till they shall have an opportunity of laying the results of 
this inquiry in a more complete form before the Society. 

"Ice Observations." By David Walker, M.D., Surgeon and 
Naturalist to the Arctic Discovery Expedition. 

The contradictory statements of Dr. Sutherland and Dr. Kane, vnth 
regard to the saltness of the ice formed from sea-water, — the former 
maintaining that sea-water ice contains about one-fourth of the salt 
of the original water; the latter, that if the cold be sufficiently 
intense, there mil be formed from sea-water a fresh and purer ele- 
ment fit for domestic use, — induced the author to take advantage of 
his position, as naturalist to the expedition now in the northern seas, 
to reinvestigate the subject. 

The chaoges which he has observed sea-water to undergo in 
freezing are the following. When the temperature falls below 
-f-28°*5, it becomes covered with a thin pellicle of ice; after some 
time this pellicle becomes thicker and presents a vertically striated 
structure, similar to that of the ordinary cakes of sal-ammoniac. 
As the ice further increases in thickness, it becomes more compact, 
but the lowest portion still retains the striated structure. On the 
surface of the ice, saline crystals, designated by the author " efflo- 
rescence," soon begm to form, at first few in number and widely 
separated, but gradually forming into tufts and ultimately covering 
the whole surface. At first, the increase in thickness of the ice is 
rapid, but afterwards the rate of growth is much slower and more 
umform. The ice formed yields, on being melted, a solution differ- 
ing in specific gravity according to the temperature at the time of 

* Philosophical Transactions for 1856, Fart I. 
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eongelationj its density being less, the lower the temperature at 
which the process of congelation took place. Although the author's 
observations extended from +28^*5 to —42^ he was neyer able to 
obtain fresh water from sea-ice, the purest specimen being of specific 
gravity r005, and affording abundant evidence of the presence of 
salts, especially of chloride of sodium, in such quantity as to render 
it unfit for domestic purposes. 

The efflorescence already referred to appeared sooner or later, 
according to the temperature of the air, but generally commenced 
when the ice was f of an inch thick, and continued to form till 
the ice attained a thickness of about 9 inches, when, in consequence 
of the compactness of the frozen mass, it ceased to appear at the 
surface. The lower the temperature at which the ice was formedi 
the more abundant was the efflorescence. Direct experiments made 
hj freezing sea-water in a large tub, showed that the unfrozen re* 
siduum contained a considerable portion of salts expressed from, the 
ice. The author therefore infers, that after the efflorescence had 
peased to form on the surface, the saline particles were precipitated 
into the unfrozen liquid below. On exposing the residual [liquid 
&om which the ice had been separated to a freezing temperature, a 
second residuum was obtained, containing more salts than the first ; 
and by repeating the process several times, there remained finally a 
strong solution of brine. 

The author endeavoured, by reversing this process, to procure 
fresh water. He remelted the ice from sea-water and froze it again, 
repeating the operation several times. Ice was thus obtained, 
which, when melted, gave water, having a density of from 1*0025 
to 1-0020. 

A "heavy nip" having occurred in the floe near the ship afforded 
an ppportunity of examining the quality of the ice at different 
depths. The thickness of the entire mass was 54 inches ; the den- 
sity of the solution obtained by melting successive portions varied 
from 1*0078 to 1*0050; those near the surface giving a liquid of 
higher density than the rest. A specimen taken from the centre of 
the mass was reserved for analysis. 

"With regard to the "efflorescence,'* the author states that its 
appearance was very different according as the temperature was 
above or below —25°. In the former case, it exhibited a plumose 
form, with secondary plumes branching off; in the latter* it cou- 
sisted of fibrous crystals varying from ^ to 2 inches in length. This 
efflorescence acts an important part in the breaking up of the floe. 
From the middle of January cracks and lanes occur iq the floe, 
which subsequently become filled with new ice covered as usual with 
the saline efflorescence and a little snow. When the sun's rays fall 
upon this incrustation, it melts and forms a thick liquid on the top. 
This penetrates gradually through the ice and aids greatly in breiik- 
ing it up. The author supposes that a process of endosmosis and 
exosmosis is, in fact, established through the body of the ice. A 
similar, but less powerful, action is produced by the same cause on 
the mass of the floe itself. 
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Yn th« artifieial tt^&Aag of ft^^wat^r, the tee WftS found to be v«r* 
doilly striated, and often divisible into two or more layers, whSe 
the under surface was always marked by fine lines intersecting each 
other at definite angles, from the bottom of the vessel thin plates 
of ice formed in the unfrozen liquid. They varied in length from 
•^ in. to 24 in., and contained less salt than the ice formed on the top. 

To explain the observation of Dr. Kane as to the freshness of ice 
formed nom sea-water under— 30°, the author supposes that it may 
have depended on the freezing of a portion of sea-water which was 
covered at the time of its congelation with a stratum of fresh water 
produced by the melting of bergs. On the 12th of April, 1857, 
whilst lying off Brown's Island, within about 4 miles of a glacier 
surrounded by bergs, the author observed a layer of fresh water, 
2 or 3 inches in depth, floating, Uke oil, on the surface of the salt 
water« To this cause he attributes the occasional occurrence of 
hummocks from the npper portions of which ice perfectly free from 
salt can be obtained, while on digging deeper into these hummocks, 
the ice is always found to lose its freshness. 

^^ Inquiries into the Phaenomena of Respiration." By Edward 
Smith, M.D. 

The author gives in this communication the result of numerous in- 
quiries into the quantity of carbonic acid expired, and of air inspired, 
with the rate of pulsation and respiration, •» 1st, in the whole of the 
twenty •four hours, with and without exertion and food $ 2nd, the 
variations firom day to day, and from season to season ; and Srd, the 
influence of some kinds oi exertion. 

After a description of the apparatus employed by previous ob- 
serverSi he describes his own apparatus and method. This consists 
of a spirometer to measure the air inspired, capable of registering 
any number of cubic inches ; and an analytical apparatus to abstract 
l^e carbonic acid and vapour from the expired air. The former is a 
smaU dry gas-meter, of improved manufacture, and the latter con- 
sists of— 1st, a desiccator of sulphuric acid to absorb the vapour; 
2nd^ a gutta-percha box, with chambers and cells, containing caustic 
potash, and offering a superficies of 700 inches, over which the 
expired air is passed, and by which the carbonic acid is abstracted ; 
and 3rd, a second desiccator to retain the vapour which the expired 
air had carried off from the potash box. A small mask is worn, so as 
to prevent any air entering the lungs without first passing through the 
spirometer, and the increase in the weight of this with the connect- 
ing tube and the first desiccator gives the amount of vapour exhaled, 
whilst the addition to the weight of the potash box and the second 
desiccator gives the weight of the carbonic acid expired. The ba- 
lances empk^ed weigh to the y^ of a grain, with 7 lbs. in the pan. 
By this apparatus uie whole of the carbonic acid was abstracted 
during the act of expiration, and the experiment could be repeated 
every few minutes* or continued for any number of hours, and be 
. made wUbt sleeping and with certain kmds of -exertion* 

The amount of carbonic acid expired in the twentjr-four hours was 
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detennined by several sets of experiments. Four of these, ccmsisting 
of eight experiments, were made upon four gentlemen, on the author. 
Professor Frankland, F.R.S., Dr. Murie, and Mr. Moul, during the 
eighteen hours of the working day. In two of them, the whole of 
the carbonic acid was collected, and in two others the experiment 
was made during ten minutes at the commencement of each hour, 
and of each hour after the meals. The quantity of carbonic acid 
varied from an average of 24*274 oz. in the author to 16*43 oz. in 
Professor Frankland. The quantity evolved in light sleep was 4; 88 
and 4*99 grains per minute, and when scarcely awake b'7» 5*94, and 
6*1 grains at different times of the night. The author estimates the 
amount in profound sleep at 4*5 grains per minute ; and the whole 
evolved in the six hours of the night at 1 950 grains. Hence the total 
quantity of carbon evolved in the twenty-four hours, at rest, was, in 
the author, 7' 144 oz. The eifect of walking at various speeds is then 
given, with an estimate of the amount of exertion made by different 
classes of the community, and of the carbon which would be evolved 
with that exertion. 

The author then states the quantity of air inspired in the working 
day, which varied from 583 cub. in. per minute in himself to 365 
cub. in. per minute in Professor Frankland ; the rate of respiration, 
which varied in different seasons as well as in different persons ; the 
depth of inspiration, from 30 cub. in. to 39*5 cub. in. ; and the rate of 
pulsation. The respirations were to the pulsations as 1 to 4*63 in 
the youngest, and as 1 to 5*72 in the oldest. One-half the product 
of the respirations into the pulsations gave nearly the number of 
cubic inches of air inspired in some of the persons, and the propor- 
tion of the carbonic acid to the air inspired varied from as 1 gr. to 
54*7 cub. in. to as 1 gr. to 58 cub. in. The variations in the carbonic 
acid evolved in the working day gave an average maximum of 10*43, 
and minimum of 6*74 grains per minute. The quantity increased 
after a meal and decreased from each meal, so that the minima were 
nearly the same, and the maxima were the greatest after breakfast 
and tea. 

The effect of a fast of forty hours, with only a breakfast meal, was 
to reduce the amount of carbonic acid to 75 per cent, of that which 
was found with food ; to render the quantity nearly uniform through- 
out the day, with a little increase at the hours when food had usu^y 
been taken, and to cause the secretions to become alkaline*. 

The variations from day to day were shown to be connected with 
the relation of waste and supply on the previous day and night, so 
that with good health, good night's rest, and sufficient food, the 
amount of respiration was considerable on the following morning, 
whilst the reverse occurred with the contrary conditions. Hence 
the quantities were usually large on the Monday. Temperature was 
an ever-acting cause of variation, and caused a diminution in the 
carbonic acid as the temperature rose. 

* The quantity of air was reduced 30 per cent,, that of vapour in the expired air 
50 per cent., the rate of respiration was reduced 7 per cent., and of polattion 6 
per cent. 
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The effect of Reason was to cause a diminution of all the respira- 
tory phenomena as the hot season advanced. The maximum state 
was in spring, and the minimum at the end of summer, with periods 
of decrease in June and of increase in Octoher. The diminution in 
the author was 30 per cent, in the quantity of air, 32 per cent, in the 
rate of respiration, and 17 per cent, in the carhonic acid. The in- 
fluence of temperature was considered in relation to season, and it 
was shown that whilst sudden changes of temperature cause imme- 
diate variation in the quantity of carhonic acid, a medium degree of 
temperature, as of 60°, is accompanied hy all the variations in the 
quantity of carbonic acid, and that there is no relation between any 
given temperature and quantity of carbonic acid at different seasons. 
Whatever was the degree of temperature, the quantity of carbonic 
acid, and all other phenomena of respiration, fell from the begmning 
of June to the beginning of September. The author then described 
the influence of atmospheric pressure, and stated that neither 
temperature nor atmospheric pressure accounts for the seasonal 
. changes. 

The kinds of exertion which had been investigated were walking 
and the treadwheel. Walking at two miles per hour induced an ex- 
halation of 18- 1 grs. of carbonic acid per minute, and at three miles 
per hour of 25*83 grs. ; whilst the effect of the treadwheel at Cold- 
bath Fields Prison was to increase the quantity to 48 grs. per mi- 
nute. All these quantities vary with the season, and hence the 
author recommends the adoption of relative quantities, the compari- 
son being with the state of the system at rest, and apart from the 
influence of food. 

January 27. — Sir Benjamin C. Brodie, Bart., President, in the Chau*. 

The following communication was read : — 

" On the Effect of Pressure on Electric Conductibility in Metallic 
Wires.** In a Letter from M. Elie Wartmann of Geneva, to Major- 
General Sabine, Treas. andV.P.R.S. 

Geneva, January 3rd, 1859. 

My dear Sir, — The newspapers having reported that a society of 
English shareholders intends to lay a second cable for transatlantic 
telegraphy, you will allow me to give here a brief account of some 
experiments by which I have succeeded in proving the effect of 
pressure on electric conductibility in metalHc wires. 

The method which I have resorted to is the one devised by 
MM. Christie and Wheatstone, which is called the electrical bridge. 
The current of a Bunsen's battery of six large cells was divided 
between the wire to be tested (a very soft copper wire 0*05 of an 
inch in diameter, and covered with gutta percha) and another con-^ 
ductor ; both being connected with a deUcate Euhmkorff's galvano- 
meter, so that the needle remained on the zero point. All contacts 
were made invariable by solderings. 
. No sensible effect being determined by the pressure of nine atmo* 
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gpherefl in a pieiometer^ I made use of a preM which enabled mt to 
produce compresrions auperior to four hundred atmospheres, conae^ 
quently superior to that which is suffered by an electric conductor 
immersed m the ocean, at a depth of 12,420 English feet. The 
wire, besides its coating, was preserved asainst permanent defor- 
mation by two sheets of thick gutta percna, placed between the 
Steel plates which took hold of it. 

The experiments have shown — 

1°. That a pressure of thirty atmospheres (a number relative to 
the sensibility of the galvanometer) diminishes the conducting power 
of a copper wire for electricity. 

2^. That the effect increases with the pressure. 

3°. That the diminution remains the same for each compression, 
as long as the latter does not vary. 

4^. That the primitive conducting power is exactly restored when 
the pressure vanishes altogether. 

Many interesting results flow from these conclusions, which I pro- 
pose to examine in a future letter. For the present, permit me to- 
add, that the fact which I have discovered establishes a new con- 
nexion between electricity, heat, and light i for it has been demon- 
strated by M. de Senarmont — 

a. That any artificial increase of density in a non-crystallized solid 
body diminishes, in the direction in which it is exerted, the con- 
ducting power of that body for heat, 

6. lliat in homogeneous media which are in a state of artificial 
molecular equihbrium, the conformation of the thermic ellipsoid, 
either oblate or prolate, is always corresponding to that o( th^ 
optic one. 

I shall feel much gratified if you deem this communication worthy 
to be laid before the Eoyal Society. * * 

I remain, &c., 

Elik Wartmann. 
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May 4, 1859.— Prof. J. Phillips, President, in the Chair. 

The following communications were read :— 

1. '* On the Ossiferous Cave, called ' Grotta di Maccagnone/ near 
Palermo." By Dr. H. Falconer, F.R.S,, F.G.S. 

In a letter, dated Palermo, March 21, 1859, and addressed to Sir 
G. Lyell, V.P.G.S., Dr. Falconer first states, that from the Caves 
• along the coast between Palermo and Trapani he has lately obtained 
remains of Ekphas antiquus. Hippopotami^ Pmikmdi, H^ neuku. 
Sua priscus (?), Equus, Bosy Cervui intermediuM and another species, 
Felia, Ursus, and Cants, and coprolites of Hyama ; but no remains 
of Rhmooerw, ma of Ekphas pmuffgtdus^ These addhioBi lo^ the 
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pteviottsly ftscertained fauna of the Cave-period in Sicily may aid in 
patting it in relation with the Newer Tertiary deposits of Italy. 

The author then proceeds to describe the Ghrotta di Maccagnone, 
a previously undescribed ossiferous cave, in the Hippurite-limestone, 
westward of the Bay of Carini (between Palermo and Trapani). 
In the breccia below its entrance he met with remains of HippopO' 
tamus in abundance, and remains of Elephas antiquua in the upper 
deposit of humus within the cave. But some other fossils were 
discovered under very interesting and somewhat anomalous condi- 
tions in this cave. The interior of the cavern is lined with stalag- 
mite ; and at a spot on the roof, where this is denuded. Dr. Fal- 
coner found a large patch of bone-breccia containing teeth of 
Ruminants, bits of carbon, shells of several species of Helix, and a 
vast abundance of flint and agate knives of human manufacture. 
At other places, and wherever the author had the calcareous coating 
broken by hammers, he found similar remains. At one spot, on 
breaking the stalagmite, he found against the roof of the cave a thick 
calcareo-ochreous layer containing abundance of the coprolites of a 
large Hycma. 

Dr. Falconer draws the following inferences from the study of 
these facts: — 1. That the Maccagnone Cave was filled up to the 
roof within the human period, so that a thick layer of bone- splinters, 
teeth, land-shells, and human objects was agglutinated to the roof 
by the infiltration of water holding lime in solution. 2. That the 
coprolites of a large Hyana were similarly cemented to the roof at 
the same period. 3. That subsequently, and within the human 
period, such a great amount of change took place in the physical 
oonfi^ration of the district as to have caused the cave to be washed 
out and emptied of its contents, excepting the patches of material 
cemented to the roof and since coated with additional stalagmite. 

2. " On the Jurassic Flora." ,By Baron Achille de Zigno. 

In studying the numerous specimens of Jurassic Plants discovered 
in the Venetian Alps, Sig. de Zigno has found it necessary to pass 
in revision all the known species derived from the Jurassic strata in 
different countries. In preparing his large work on the Fossil 
Hants of the Oolitic Rocks ('Flora fossilis Formationis Ooli- 
thic»*), two parts of which have been published, the author finds, 
as may be expected, some discrepancies in the published opinions 
as to the place which the plant-bearing beds of Scania, Richmond 
(U. S.), India, Australia, and South Africa respectively are entitled 
to in the geological scale. As the apparent weight of evidence 
places some of these deposits in other formations than the JurassiCi 
and as some are still very doubtfully placed, the author omits them 
from his sources of Jurassic plants. 

In the two parts of his work which he has presented to the 
Society, the author describes the Jurassic Calamites (including the 
AsterophylUtes), the Phyllotheca, and Equiseta, The plates of 
figures accompanying the foregoing, but not yet described, are re- 
commended by the author to the notice of English paleobotanists. 
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as illustrative of interesting but somewhat obscure Ferns ; and he 
particularly requests that search should be made in the OoUtes of 
Yorkshire for specimens of Pachypteris with pinnules having a 
single midrib. Sig. de Zigno supports Sternberg and Bronn in the 
suggestion that under the term Equisetites columnaris authors have 
confounded two distinct forms ; one from Brora and Yorkshire, with 
thick joints, and illustrated by Konig ; the other being found in the 
Lias and Trias. Some remarks on the probable relations of Ghs' 
sopteris and Sagenopteris follow. 

The remains of Ferns in Jurassic beds of the Venetian Alps are 
numerous, though the species are few. The fructification is often 
evident ; and the epidermis of the fronds can be sometimes separated 
for microscopical examination. The Cycadem have more species; 
and the Conifens (especially the Brachyphylla) are numerous. 

3. '' On a Group of supposed Reptilian Eggs {OoUtkes Bathoniae) 
from the Great Oolite of Cirencester." By Professor J. Buckman 
F.G.8. 

The specimen referred to was obtained by Mr. Dalton from the 
Uarebushes quarry near Cirencester, and presents evidence of a com- 
pact cluster of eight oval bodies (each about 2 inches long and 1 inch 
across) in a mass of oolitic rock. These oval bodies being equally 
rounded at the ends, and in this differing from birds' eggs, the 
author thinks that they must have been the eggs of a reptile. The 
egg-shells were very thin, have been here and there puckered by 
pressure, and are more or less occupied with calc-spar. 

4. " On some Sections of the Strata near Oxford." No. I. By 
Professor Phillips, Pres. G.S. 

In this communication Professor Phillips gave the details of sec- 
tions showing the base and the top of the Great Oolite in the 
Valley of the Cherwell. This oolite, with sandy layers below and 
variable argillaceous beds above (capped by the Combrash), has 
been entirely referred to the Great Oolite formation by the Geolo- 
gical Survey, and has been traced through Northamptonshire to the 
cuttings in the Great Northern Railway near Stamford and Grant- 
ham ; and continues through Lincolnshire to the Humber. On the 
north of that river this series is continued by the Oolite of Brough 
and Cave, and is recognized again in the Millepore-rock at the 
base of the Gristhorpe Cliffs. Hence it appears that the calca- 
reous shelly beds of Gristhorpe on the Yorkshire coast are still to 
be assigned, as they were in earlier works, to the Great Oolite 
group, notwithstanding the fact that they contain a few fossils 
which in the South of England are prevalent in the Inferior Oolite, 
together with many the distribution of which is not there limited 
to one member of the Great or Bath Oolite series. 
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May 18, 1859.— Major- Gen. Portlock, Vice-President, in the Cliair. 
The following communications were read : — 

1. " Palichthyologic Notes, No. 12. Remarks on the Nomencla-^ 
ture of the Fishes of the Old Red Sandstone." By Sir P. Egerton, 
Bart., M.P., F-R.S., F.G.S. &c. 

Premising with some remarks on the in many respects unsatis- 
factory condition of the nomenclature of the fishes of the Old Red 
Sandstone, the author refers to the late revival, hy Dr. Pander, of 
the discussion as to the priority of Eichwald's name " Asterolepis " 
over the " Pterichthys" of Agassiz; and, after a detail of the circum- 
stances of the case. Sir Philip states that there is every reason for 
the retention of the name Pterichthys for the " winged fish " dis- 
covered at Cromartie by Miller in 1831, introduced by him to the 
scientific world in 1839, and named Pterichthys by Agassiz in 
1840. 

The author then proceeded to offer some critical remarks on several 
of the genera and species which Prof. M'Coy has described from the 
Old Red Sandstone. Chirolepis velox, M'Coy, is regarded by him as 
a good species ; but C. curtus as identical with C. Cummingia, and 
C. macrocephalus with C. Traillii. Chiracanthus grandispinus and C. 
pulverulentus are regarded as good species ; but C lateralis is referred 
to C. minor, Diplacanthus gibbus and D. perarmatus are accepted. 
The substitution of Biplopterax for Diplopterus is not considered ne- 
cessary. Biplopterus gracilis appears to be a variety of D. Agassizii. 
The occurrence of D. macrolepidotus in Caithness, and the restriction 
of D. macrocephalus to Lethen-bar and Russia, are regarded as a 
reason for not accepting Prof. M'Coy's view as to the identity of 
these two forms. 

Osteolepis arenafus, stated by Prof. M'Coy to occur at Orkney, has 
been met with only in the Gamrie by Sir Philip. 0. hrevis is regarded 
as a good species, though the apparent breadth of the head has pro- 
bably been misunderstood. Hugh Miller has well figured and de- 
scribed the cranial anatomy of this species in the ' Footprints.' 
Triplopterus Pollexfeni is also considered to be well established ge- 
nerically and specifically. Sir Philip coincides with Prof. M'Coy in 
classing Dipterus with tie Ccslacanthi, but observes that it is distinct 
from Glyptolepis. Dipterus has but one anal fin. Dipterus Irachy^ 
pygopterus and D. macropygopterus are, in the author's opinion, 
synonyms ; but D. Valenciennesi is regarded by him as distinct. 

Conchodus is esteemed by the author only a provisional genus. 

Sir Philip agrees with M'Coy in separating from the Holoptychius 
the large fishes of the Coal-measures which have received the name 
Rhizodus from Prof. Owen. The latter have an ossified vertebral 
column. Holoptychius has decidedly two dorsal fins. Some good 
specimens lately obtained at Dura Den prove that H. Andersoni 
and H, Flemingii are specifically the same. The determination of 
H. princeps by scales alone is not regarded as satisfactory ; but H, 
Sedgwickii is a good species. Gyroptychius angustus and 6?, diplo^ 
pteroides are considered as good species of a new and important genus ; 
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but Sir I^Uip refers them to tiie SaimrodifimidtB, not to the Cctla* 
canthi, Platygnathua Jamiesoni, Ag„ is well-founded, as proved by 
recent discoyeries in Diira Den ; bat the specimen of jaw named 
P, ptmcidtins by Agassiz is assigned to Asterolepis by Hugh Miller. 

With regard to the Placodermata of M'Coy, Pterichthys and Coc" 
costeus are the tjrpes, and Chelyophorus is probably a member of the 
family ; but it is still doubtful whether Asterolepis and Heterosteus 
belong to it. Cephahupis, Pteraspis, and Auchenaspif remain for the 
limited Cephalaspida. 

Pterichthys had certainly one dorsal, and two ventral fins. 

Sir Philip remarks that in Coccosteua M'Coy and otliers have mis- 
taken for vertebral centres the thick lower extremities of the neur* 
i^physes ; hence the C. micraspondylus of M'Ck)y is a misnomer, 
and what he terms the " dermal bones of the dorsal fin reversed," in 
his specimen, are the heemapophyses. Sir Philip thinks that C. 
tnicrospondylus and C, trigonaspis must be regarded as synonyms of 
C deeipiens, Ag. C. puirillus is quoted as a good species, and pro- 
bably the same as one subsequently described by H. Miller as 0. 
nmor. 

In a Supplement to this Memoir Sir P. Egerton ^ves several 
extracts from unpublished letters by the late Hugh Miller, descrip- 
tive of structural characters of the Coccostew, Among these notes 
is the description of a small well-defined CoecosteuB which Sir Philip 
proposes to signalize as 0. Milleri, 

2« " On the Yellow Sandstone of Dura Den and its Fossil Fishes/' 
By the Rev. John Anderson, D.D., F.G.S. &c. 

In his geological remarks on Dura Den, the author described the 
sedimentary strata in the vicinity as consisting of (in ascending order) 
I. Grey sandstone, the equivalent of the Carmylie and Forfarshhre 
flagstones, with Cephalaspis and Pterygotns. 2. The red and mot- 
tled beds, such as those of the Carse of Gowrie, and the Clashbennie 
zone with Holoptychius noUlissimus, Phyllolepis coneentricus^ and 
Glyptolepis elegant, 3. Conglomerates, marls, and cornstone, with 
few and obscure fossils. 4. The Yellow Sandstone, rich in remains 
6i Holoptychius and other fishes, and about 300 or 400 feet in thick- 
ness. This sandstone is seen to rest unconformably on the middle 
or Clashbennie series of the Old Red at the northern opening of the 
Den, and at the southern end is unconformably overlaid by t£e Car- 
boniferous rocks. It is also exposed beneath tiiie lower coal-series ol 
Cults, the Lomonds, Binnarty and the Cleish Hills. It is seen also 
in Western Scotland (Renfrewshire and Ayrshire), and also in B^- 
wickshire and elsewhere in the south, with its Pterichthyan and 
Holoptychian fossils. In the author's opinion it is entirely distinct 
from the " Yellow Sandstone" of the Irish geologists. 

At Dura Den the yellow sandstone in some spots teems with 
fossil fish, especially in one thin bed. In 1858 a remarkably fine 
Holoptychius Andersoni was met with ; and this, with many other 
specimens, fully bears out Agassiz's conjectures for completing the 
form and details of the fish where his materidb had been injufBoisot* 
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Dr. Andenon also ofiered some remarks on tlie Glyptopomiu minor 
(Agass.)* the specimen of which was obtained from this locality i 
and he drew attention to two apparently as yet undesoribed fishes 
also from Dura Den. 



LXXV. Intelligence and Mi»eeUamou$ Articles^ 

NOTE ON THE STRATIFICATION OF THE ELECTRIC LIGHT. 
BY MM. QUET AND SEGUIN. 

AS all electric light arises from an effect of tension, we must 
regard it as certain that the brilliant and obscure bands of 
striated discharges correspond with different tensions diffused alter- 
nately along the gaseous column. The question is, to know what 
is the cause of these alternate variations of tension. 

The hypothesis of interferences, probably tried by many physicists, 
has acquired new importance from the recent experiments of Ghrove, 
But in those cases in which the discharges arrive in vacuo by sparka^ 
nothing shows that the discharges corresponding to each pair of 
sparks are superposed ; and it has not been demonstrated that, by sup- 
pressing one of the sparks without modifying the conditions of the 
other, the stratifications are suppressed. On the other hand, amongst 
the experiments of Gaugain, Pliicker, and Gassiot, and those of out 
preceding note, there are some in which multiple discharges take 
place widiout interfering, and produce effects in which it is alwaya 
possible to discern the part of each current 

If we assume that the contact breaker occasions a series of ii^ 
terruptions and as many induced currents, we may ask how suc- 
cessive and irregular impulses should give rise to visible interferences 
and to bands widely separated from each other and very fixed in 
their position, such as are obtained in a cylindrical Geissler's tube, 
by employing a weak battery and applying the hand upon the tube* 
Must we also assume that there is a series of impulses producing 
interferences when an ordinary Leyden jar is discharged through the 
tube, or when, after having converted the tube into a condenser, wer 
discharge the interior upon the armature, and all without the inter- 
position of any of those ordinary conductors, such as the moistened 
thread employed by Gassiot, which slacken the discharge and may 
render it intermittent ? 

Most physicists appear inclined to attribute the principal part to 
the resistance of the medium. That the nature of the medium has 
an influence upon the stratifications, is a circumstance indicated since 
the original discovery. But it still remains to be ascertained how 
this resistance causes the alternations of the electric tension. By 
varying the experiments of Riess upon the electroscopic states of 
Geissler'a tubes, we have only ascertained that these states change 
with the resistance placed in the course of the induced currents, 
and that the same effects of tension are obtained by substituting for 
the vacuum-tube a column of water * . Until we have some perfectlj^ 

* ItisweUknown.|battheNsktaaoMmodifytheAspe0lofihelHiffihM«i 
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conclusive experiments, we shall describe some new observations 
which appear to us to be adapted to prepare gradually for the solu- 
tion of the question. 

1 . We have endeavoured to obtain effects analogous to the lumi« 
nous stratifications, by causing induced and ordinary electricity to 
act upon light and moveable conductors, perceptibly obeying the 
known laws of electrical influences. 

A plate of glass, 2 centims. in breadth and 15 centims. in length, 
was sprinkled with powdered coke, and the two ends of the induced 
wire were caused to act upon the two extremities. Under the con- 
ditions indicated, the powder is seen to arrange itself all along the 
plate in transverse lines distinctly separated from each other by in- 
tervals of 2 to 3 millims. The appearance of these lines varies, like 
that of the stratifications, by the influence of an armature applied 
against the glass, and according as the discharges take place by con- 
tact or by sparks. We obtain similar bands with ordinary electricity ; 
and account for the formation by the propagation of the electricity 
through the conducting powder, and by the mutual repulsion of the 
particles. 

The induction spark is much elongated, and appears perfectly 
striated by brilliant and obscure points arranged like a necklace, 
when it is caused to shoot into the air after having shaken the pow- 
dered coke. 

Transverse stratifications of the same kind occur in the discharge 
across a smoky flame. At the apex of a flame of turpentine, the 
brilliant points are sometimes replaced by so many little distinct 
flames. 

2. With the view of understanding the effects of external con- 
ductors, we placed flames between the two plates of a condenser, 
setting the lateral conductors in action likewise. The plates were 
charged by the electrical machine ; the flame sank, became widened 
and sometimes bifurcate, the lateral conductors attracted it ; it was 
also seen to elongate itself in a dart in two opposite directions. 
These circumstances agree with the effect produced by the hand 
brought near a vacuum-tube in which a flood of continuous light is 
made to pass ; a portion of this flood is attracted by the hand against 
the wall, and another portion becomes concentrated towards the 
axis and stratified. 

We have reproduced, with the electrical machine, a result 
that we had already observed with the induction apparatus. A 
cylindrical vacuum-tube being occupied by a flood of continuous light, 

phsenomenon. We have found that they may even suppress the bands. 
Thus by isolating one of the electrodes, and placing the other in contact 
with one end of the induced wire, by the intermediation of a column of 
water, we may obtain at pleasure bands and a continuous flood of light ; 
by placing one of the electrodes in contact with one end of the wire and 
drawing the sparks fix)m the other side, with the intervention of a greater 
or less resistance, we may substitute the continuous flood for the bands of 
the negative side, of the positive side, or of the whole length of the tube. 
The changes of tension may account for these effects. 
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if it be touched with two fingers, the flood is seen to divide in two 
near the point touched; the portion emanating from the positive 
electrode terminates in a slightly convex surface, distinctly marked 
by a zone more brilliant than the rest. One would say that there 
was an accumulation of electrical matter at the spot where the ex- 
ternal influence has caused a solution of continuity. This zone is a 
band in course of formation;, it may be rendered more or less 
distinct, and, instead of a single zone, two or more neighbouring 
bands may be produced. 

3. By means of condensers formed by glass walls, furnished with 
metallic armatures on the outside, and containing between them a 
stratum of confined air connected with a manometer, we are at pre- 
sent endeavouring to analyse the movements caused in this gaseous 
stratum by electrical actions ; although no spark passes, a movement 
is perceptible in it, especially at the moment when one of the plates 
is discharged upon the other externally. 

The preceding experiments prove that electrified gases yield to 
electrical attractions and repulsions, that more or less conductive 
media, composed of mobile particles, are disposed by these influences 
in strata in which the particles are alternately dispersed and accu- 
mulated, and that this disposition gives rise to diiferences of tension 
and to luminous bands. After this it is not much to assume that in 
a gaseous column the influences of electricity give origin to dilated ^ 
and condensed strata, which are very thin in an ordinary gas, but 
thicken in a rarefied gas ; that the dilated strata conducting the 
electricity, the two opposite fluids acquire, from the two sides of the 
condensed strata which are less conductive, a sufficient tension to 
traverse these in the form of a discharge and to illuminate them. 
The effects of external conductors would have their application in 
this view. — Oomptes Rendus, February 14, 1859, p. 338. 



ANALYSIS OF A NATIVE SULPHATE OF COPPER AND IRON. 
BY M. F. FISANI. 

This mineral was found in stalactitic, mammillated masses, often 
of considerable size, in a cave close by a mine of copper pyrites in 
the interior of Turkey. 

It has the colour of ordinary sulphate of copper, especially the 
fresh fracture. Inside are observed a quantity of small crystals, 
often lining drusy cavities. It is almost entirely soluble in cold 
water, leaving a scarcely perceptible residue. By long exposure to 
air its surface assumes an ochreous tint, the effect of the peroxida- 
tion of the iron, which this mineral contains in large quantity. 
On analysis it gave the following result : — 

Oxygen. Proportions. 

Oxide of copper 15'56 3*14 1 , 

Protoxide of iron .... 10'98 2-44 / 

Sulphuric acid 29*90 17-94 3 

Water 43'56 38-72 7 

100-00 
Phil. Mag. S. 4. Vol. 17. No. 116. June 1859. 2 H 
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leading to the formula (FeOCuO)SO^ + 7HO, which represeDts 
common sulphate of iron in which a portion of the iron has been 
replaced by copper. — Cowptes Rendus, April 18, 1859. 



ON PROF. ''C. p. SMTTH's TENEBIFFE METEOROLOGICAL OBSER- 
VATIONS. 

To the Editors of the Philosophical Magazine and Journal, 
Gentlemen, 
The Teneriffe Astronomical Experiment (Phil. Trans. 1858) 
somewhat confirms, in p. 513, my suggestion of meteorological 
observations at six-hourly intervals (PhiL Mag. in June and July 
1842, and post). Thus in Table I. the sums of 6, ; 7, 1 ; &c. 
hours A.M. and p.m., and quadruple maximum diiference from diur- 
nal mean, are — 



Hours. 


Sea-level. 


Gw^vi. 


AltaVista. 


Baiom. 


Dry 
therm. 


Dew- 
point. 


Barom. 


Dry 
therm. 


Dew- 
point. 


Barom. 


Dry 

therm. 


Dew. 

point. 


h h 
6, 
7,1 
8,2 
9,3 
10, 4 
11,5 


-005 
•000 
-004 
-007 
-003 
+•007 


-66 
•0 

- -5 

- -9 

+10 


+83 
+ -2 
- 6 
+ -3 
+10 
+ -5 


-029 
-Oil 
-016 
-•007 
+ 001 
+ 016 


+0-2 

+ -6 
-21 

- 1 

- -6 

+1-7 


^25 
+ 1-9 
-1-6 
+01 
•0 
+2-1 


+•008 
-Oil 
-•007 
+ 001 
-003 
+ 019 


+31 
+M 
-34 
-2-1 
-1-9 
+2-1 


+8-4 

+ -8 
-3-9 

tf-i 
+27 


Quad. max. 


•120 


13-2 


160 


•232 


352 


396 


•168 


33-6 


40-8 



exhibiting the nearly periodic form of these variations. 

In page 525, column 1, is " 5448" correct, as this height does 
not harmonize with the succession of the other heights ? 

The fact of the summer, maximum temperature occurring later in 
the year as the mountain is descended (see pp. 517^31), induces 
me to refer to a paper of mine epitomized in the Proceedings of the 
Royal Society for March 3, 1842, wherein I compared the thermal 
theory to the tidal one, proposed the mean heat at a given place 
on a given day to be proportional to the sun's meridian altitude at 
the same place on a day previous to the ope inquired after, which 
interval I termed " thermal establishment " of the place. Thus the 
mer. alt. at the solstice would give the heat at the place of observa- 
tion from 25 to 30 days afterwards, owing to the local causes of per- 
turbation. These perturbing causes, according to Prof. Smyth, seem 
to diminish as we ascend ; and in the free regions of upper air, the 
maximum would probably then occur on the day of the solstice itself. 

S. M. Dbach. 

Chelsea, May 16, 1869. 
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ACETAL, on the convenion of alde- 
hyde into, 276. 

Acetyle, on the peroxide of, 302. 

Acids, organic, on the peroxides of 
the radicals of the, 301 . 

Air, on the production of vibrations of, 
in open tubes, 419. 

Airy (G. B.) on Mr. Cayley's trigo- 
nometrical theorem, and* on Prof. 
Challis's proof that equations have 
as many roots, &c., 176. 

Aldehyde, on the action of chloride of 
ace^le on, 195; on the action of 
phosgene gas upon, 430. 

Alloys, on the hardness of, 114. 

Amarine, oa some products of decom- 
position of, 429. 

Amphibian remains from South Africa 
and Australia, on, 373. 

Amylamine, on the action of bisul- 
phide of carbon upon, 368. 

Anderson (Rev. J.) on the yellow 
sandstone of Dura Den, 446. 

Andrews (Dr. T.) on the conversion of 
oxygen into ozone, 435. 

Aniline, on the action of bibromide of 
ethylene upon, 66; on the action 
of bichloride of carbon on, 131. 

Animals, on the composition of, 
slaughtered as human food, 291. 

Apatite, on the formation of, 128. 

Arbutine, on the constitution of, 425. 

Archer (C.) on the adaptation of the 
human eve to varying distances, 224 . 

Atkinson (Dr. E.), chemical notices 
from foreign journals by, 275, 422.* 

Atlantic cable, on the, 27. 

Ball (J.) on the veined structure of 
glaciers, 263. 

Barometer, on the semidiurnal oscilla- 
tion of the, 313. 

Beckles (S. H.) on fossil foot-prints 
in the old red sandstone, 77* 

Becquerel(£.)onthe phosphorescence 
of gases by the action oi electricity. 

Belt (T.) on the origin of whirlwinds, 
47. 



Benzamic acid, on the action of nitrous 
acid upon, 371. 

Bile, on the action of, upon fats, 145. 

Binney (E. W.) on the occurrence of 
liassic deposits near Carlisle, 305. 

Bird, on a fossil, 375. 

Books, new : — Boole's Treatise on 
Differential Equations, 430. 

Borodine(M.) on hydrobenzamide and 
amarine, 428. 

Bothriceps australis, description of, 
373. 

Brewster (Sir D.) on the polarization 
of the light of comets, 311 ; on 
the coloured houppes or sectors of 
Haidinger, 323. 

Brodie (B. C.) on the formation of 
the peroxides of the radicals of the 
organic acids, 301. 

Bromo-arsenious acid, on, 261. 

Buckton (G. B.) on the organo-me- 
tallic radicals, and on the isolation 
of mercuric, plumbic, and stannic 
ethvle, 212. 

Buff (Prof.) on the law of electrolytic 
conduction, 394. 

Calcium, on the preparation of, 278. 

Callan (Rev. Prof. N. J.) on an induc- 
tion coil of great power, 332. 

Calvert (F. C.) on the hardness of 
metals and alloys, 114. 

Camera obscura, on the, 1. 

Caron (H.) on apatite, Wagnerite, 
and some artificial species of me- 
tallic phosphates, 128 ; on the arti- 
ficial, formation of minerals, 277. 

Cayley (A.) on a theorem in spherical 
trigonometry, 151 ; on Poinsot's 
four new regular solids, 123, 209. 

Cephalaspis, on a new species of, 150. 

Cetacean, on a fossil, 3/5. 

Challis (Rev. Prof. J.) on the central 
motion of an elas^tic fluid, 21 ; on 
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on the direction of the vibrations of 
a polarized ray, 102 ; a proof that 
every equation has as many roots 
as it has dimensions, 112, 283; on 
2h2 
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a mathematical theory of heat, 202 ; 
on the theory of elliptically-polar- 
ized light, 285 ; on the resistance 
of the luminiferous medium to the 
motions of planets and comets, 352; 
on the relation of pressure to den- 
sity, 401. 

Chemical notices from foreign jour- 
nals, 275, 422. 

Chitonidse, on the Permian, 308. 

Chlorous acid, on the preparation of, 
422. 

Cinchona alkaloids, researches on the, 
218. 

Clausius (Prof. R.) on the mean 
length of the paths descrihed by 
the separate molecules of ^eous 
bodies on the occurrence of mole- 
cular motion ; with remarks on the 
mechanical theory of heat, 81. 

Climate, on terrestrial, as influenced 
by the distribution of land and 
water, 181. 

Coal, on the vegetable structures in, 
308. 

Coal-formation, on the probable depth 
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Cockle (J.) on the theory of equa- 
tions of the fifth degree, 356. 

Comet, thoughts on the formation of 
the tail of a, 78. 

Comets, note on the polarization of 
the light of, 311 ; on the resistance 
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Copper and iron, on a native sulphate 
of, 449. 
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of, 66. 

Crocodilus Hastingsia, on the dermal 
armour of, 375. 

Curves of the third order, on, ?1. 

Cynochampsa laniariits, description 
of, 378. 

Dale (Rev. T. P.) on the influence of 
temperature on the refraction of 
light, 222. 

Dawes (W. R.) on some large solar 
spots, 152. 

Dawson (Dr. J. W.) on fossil plants 
from the Devonian rocks of Canada, 
147 ; on the vegetable structures in 
coal, 308. 

Debus (Dr. H.) on the action of am- 
monia on glyoxal, 211. 



Density, on the relation of pressure 
to, 401. 

Deville (H. Sainte-Claire) on apatite, 
Wagnerite, and some artificial spe- 
cies of metallic phosphates, 129; on 
the artificial formation of minerals, 
277. 

Diamides, on the, 63. 

Dibromallylammonia, on a compound 
of, and chloride of mercury, 1.94. 

Dicynodon, on new species of, 306, 
380. 
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of the elements, 423. 

Duppa (B. F.) on the action of pen- 
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441. 

current, on vibrations produced 

by a, 417. 

light, on the difference presented 
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Electricity, on the rotation of metallic 
spheres by, 107, 417 ; new app«i- 
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394. 

Energy, on the conservation of, 250, 
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